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FOREWORD 

As p a r t  of the continuing program of unmanned exploration of space ,  
and to inc rease  the effectiveness of the manned space  p r o g r a m  f o r  explor ing 
the moon, the J e t  Propuls ion  Labora tory  of the California Insti tute of 
Technology i ssued  s ix-month 's tudy contracts  to investigate the feasibi l i ty  
of a sma l l ,  unmanned, lightweight, remote ly  controlled roving vehicle  to 
be incorpora ted  in  the su rveyor  spacecraf t  to  extend i t s  da ta -ga ther ing  
capabi l i t ies  on the lunar  sur face .  Specifically, the study p r o g r a m  was to  
de t e rmine  the feasibi l i ty  of a 100-lb Surveyor Lunar  Roving Vehicle (SLRV) 
s y s t e m  in  gather ing sufficient scientific information by surveying  the lunar  
su r face  n e a r  the Surveyor  spacec ra f t  landing point to  cer t i fy  the a r e a ,  i n  
t e r m s  of specif ic  h a z a r d s ,  a s  a potential Apollo LEM landing site.  

This  F ina l  Technical  Report ,  submitted in  five volumes,  p r e s e n t s  the 
r e s u l t s  and conclusions of the s tudy p rogram conducted by  The Bendix 
Corpora t ion  under  J P L  Cont rac t  No. 950656. The volumes a r e  organized  
to  co r re spond  to the specif ic  objectives of the p rogram:  to conduct an ana lys is ,  
to  g e n e r a t e  a p r e l i m i n a r y  design,  and to fabr ica te  and demons t r a t e  a n  engi- 
nee r ing  t e s t  model  in suppor t  of the over -a l l  p r o g r a m  objectives.  

The r e s u l t s  of Bendix's study show that  the SLRV concept i s  not only 
f eas ib l e ,  but can make  substant ia l  contributions to the unmanned explorat ion 
of the moon in  suppor t  of the manned Apollo p rogram.  
a c t e r i s t i c s ,  the p r o b l e m s ,  and the init ial  t rade-offs  have been  de te rmined  
i n  suff ic ient  de ta i l  to p e r m i t  the definition of specif ic  objectives and c r i t e r i a  
f o r  a follow-on development  p rogram.  P r o g r a m  conclusions and r e c o m -  
mendat ions  a r e  included in  Volume V. 

The SLRV c h a r -  
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SECTION 1 

INTRODUCTION 

This volume of the F ina l  Technical Repor t  p re sen t s  the r e s u l t s  of 
the P h a s e  I SLRV study p r o g r a m  in accordance  with two sect ions of Art ic le  I 
of the Statement  of Work of JPL Contract  No. 950656, Modification No. 1. 
Section 2 h e r e i n  i s  in r e sponse  to Section (a) (1) (ii) of the Cont rac t ,  which 
s t a t e s :  

" P r e p a r e  a p r e l i m i n a r y  design and s y s t e m  descr ip t ion  for  the 
proposed configuration, which sha l l  include, but not necessa r i ly  
be l imited to ,  the following: 

Configuration, including a l l  subsys t ems  and instrumentat ion 

Weight breakdown,  including center  of gravi ty  and moment s  
of i ne r t i a  

Power  profile 

Ope ra t iona l  s e que nc e 

Ground operat ional  equipment" 

Section 3 h e r e i n  i s  in response  to  Section ( a )  (1)  (v)  of the Cont rac t ,  
which s t a t e s  : 

"Analyze the pe r fo rmance  cha rac t e r i s t i c s  and l imitat ions of the 
proposed  design. " 

HI/ 1 1-1 
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SECTION 2 

SYSTEM DESCRIPTION 

The  SLRV s y s t e m  i s  composed of the Lunar  Roving Vehicle (SLRV) the 
Surveyor  Spacecraf t  modifications , the Ground Operat ing Equipment (GOE) , and 
the  Ground Support  Equipment (GSE).  These  e l emen t s  a r e  opera ted  in con- 
junction with the  Surveyor  Spacecraf t ,  the DSIF, and the  Centaur  launch vehicle .  

The  vehicle is a fou r - t r acked  ar t icu la ted  des ign  and i s  divided into two 
ma in  sec t ions .  
a t o r  (RTG),  the  d i rec t iona l  antenna,  and the odomete r .  The  fo rward  sect ion 
contains  the  e lec t ronic  equipment ,  the p e n e t r o m e t e r ,  the omnidirect ional  
an tenna ,  the  R F  ranging antenna,  the TV s y s t e m ,  and four  digi ta l  so l a r  a spec t  
s e n s o r s .  

The aft  sect ion contains the  radioisotope the rmoe lec t r i c  gener  - 

In the  stowed configuration, the vehicle r e s t s  on a s e t  of mounting 
b r a c k e t s  (hinges)  in a n e a r  v e r t i c a l  posit ion,  cons t r a ined  aga ins t  a d e p r e s s e d  
spr ing- loaded  e j ec to r .  The  mounting b racke t s  a re  designed such  that  one s e t  
i s  f ixed to  the Surveyor  spacec ra f t  s t ruc tu re  and the  o ther  s e t  i s  fixed to  the  
vehicle  s t ruc tu re .  These  b racke t s  s e r v e  a s  p r i m a r y  load c a r r y i n g  m e m b e r s  
dur ing  the launch and landing operat ions and as  hinges during the  deployment 
p rocedure .  

The  Lunar  Roving Vehicle opera tes  independently of the Surveyor  space -  
c r a f t ,  communicat ing d i r e c t l y  with the ground cont ro l  s ta t ion.  

The  s t ee r ing  capabi l i ty  i s  provided by different ia l ly  controll ing the  
speed  of the four  independently-powered t r a c k s ,  and by an  a r t icu la ted  s t r u c t u r e  
which pivots n e a r  the  cen te r  of gravi ty .  
T h e  vehicle  i s  designed t o  surv ive  the envi ronments  of l una r  night. 

The power  is supplied by a RTG. 

P rov i s ion  is made  f o r  continuous t r a n s m i s s i o n  of t e l e m e t r y  data  back to  
the  e a r t h .  
p e n e t r o m e t e r  , an inc l inometer ,  and an odomete r .  Navigation is accompl ished  
b y  a dead-reckoning  s y s t e m .  
r e s p e c t  to the Surveyor .  
examined  by TV during vehicle stops.  
s t a t ion  , using an ope r a t0  r - d i r e  cted,  computer  - implemented  p rocedure .  

The  exper imenta l  information i s  obtained with a TV s y s t e m ,  a 

R F  ranging suppl ies  range  information with 
Vehicle t rave l  cons i s t s  of s h o r t  s t eps  in t e r r i t o r y  

S teer ing  is control led f r o m  the ground 

1111 1 2-1 
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The ground operat ing equipment a t  the Deep Space Ins t rumenta t ion  
Fac i l i t y  DSIF) and Space Fl ight  Operat ions Fac i l i t y  (SFOF)  provides  opera t ion-  
al control  of the vehicle  in locating and surveying potential landing s i t e s ,  and 
ana lys i s  and display of the data .  
equipment subsys t ems .  

The function r e q u i r e s  s e v e r a l  o p e r a t o r s  and 

2 . 1  SUMMARY OF MISSION AND SYSTEM REQUIREMENTS 

The design p resen ted  in this  volume sa t i s f ies  a s e t  of s y s t e m  r e q u i r e m e n t s  
which in turn sat isfy a s e t  of mi s s ion  r equ i r emen t s .  
men t s  a r e  s u m m a r i z e d  h e r e  so  that  the re la t ion  of this  volume to the  o v e r - a l l  
r e p o r t  can be c l e a r l y  es tab l i shed .  

Both these  s e t s  of r e q u i r e -  

2 .  1 .  1 Summary  of Mission Requi rements  

2 .  1. 1.  1 Landing Site Diameter  and Acceptabili ty 

Measurement  da ta  sha l l  p e r m i t  the identification and location of 19 
4 0 - m e t e r  d i ame te r  cer t i f ied  landing points within a s i t e  having a d i a m e t e r  of 
3200 m e t e r s  and including the  Surveyor  touchdown point. 

2 .  1. 1. 2 Cert i f ied Landing Point  Spacing 

Cert i f ied LEM landing points sha l l  be a maximum of 528 m e t e r s  
a p a r t  and nominally located a t  the apexes  of contiguous equ i l a t e ra l  t r i a n g l e s .  
The cen te r  of the complex of landing points sha l l  define the c e n t e r  of the 32001 
m e t e r  s i te .  

2 .  1 .  1 .  3 Landing Point Identifications 

T h r e e  na tu ra l  o r  a r t i f ic ia l  l a n d m a r k s  sha l l  be identified within the 
s i t e ,  spaced no l e s s  than 1500 m e t e r s  a p a r t  and loca ted  r e l a t ive  to  each  o the r  
w i t h  an accuracy  of 20 m e t e r s .  
sha l l  be located re la t ive  to a t  l e a s t  one of t hese  l a n d m a r k s  with an  a c c u r a c y  of 
20 m e t e r s .  
be provided.  

Each of the  ce r t i f i ed  LEM landing points 

Orientation of the landing point pa t t e rn  in luna r  coord ina tes  sha l l  

The l andmarks  m u s t  be identifiable by the  LEM c r e w  dur ing  descen t  
to the lunar  sur face  f rom a s lant  range of up to 4400 m e t e r s  and a min imum 
depres s ion  angle of 29O. Artificial  l a n d m a r k s  m u s t  r e t a in  t h e i r  identifying 
cha rac t e r i s t i c s  f o r  a per iod of not l e s s  than one y e a r .  

2-  2 III/ I 
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2 .  1.  1 . 4  Soil Bear ing  S t rength  Measuremen t s  

Measuremen t s  of the soi l  c h a r a c t e r i s t i c s  sha l l  be of sufficient 
a c c u r a c y  to ver i fy  that the  landing points have an equivalent l i n e a r  dynamic so i l  
bear ing  s t r eng th  gradien t  of a t  l e a s t  1 2  p s i  p e r  foot f o r  depths up to  50 c m  a t  
impact  ve loc i t ies  of up to 3 m e t e r s  pe r  second.  

2.  1. 1. 5 Slope M e a s u r e m e n t s  

Measuremen t s  da ta  shall  be sufficiently a c c u r a t e  to  ver i fy  that the 
landing points contain effect ive s lopes  no g r e a t e r  than 1 2 O  ove r  any a r e a  
g r e a t e r  than 10 m e t e r s  in  d i a m e t e r .  An effective s lope i s  defined a s  the  
gene ra l  s u r f a c e  s lope o v e r  an a r e a  too l a r g e  for  the LEM to  s t r a d d l e ,  plus the  
combined effects of supe r imposed  heights,  d e p r e s s i o n s ,  and s u r f a c e  s inkage.  

2 .  1.  1. 6 P r o t u b e r a n c e s  

Measuremen t s  shal l  be of sufficient a c c u r a c y  to ver i fy  that the  land-  
ing points contain no effective pro tuberances  g r e a t e r  than 50 c m .  An effective 
p ro tube rance  i s  defined as the  sur face  and subsu r face  relief within a horizontal  
d i s t ance  of approximate ly  10 m e t e r s  which might c a u s e  the bottoming o r  t i l t ing 
of the LEM. Effective p ro tube rances  m a y  r e s u l t  f r o m  single ob jec t s ,  such as 
b locks ,  o r  complex  combinat ions of heights,  depress ions ,  and su r face  s inkage.  

2 .  1. 1. 7 Confidence in Acceptabili ty of Cer t i f ied  Landing Poin ts  

The  da ta  de r ived  f r o m  all m e a s u r e m e n t s  within each  cer t i f ied  landing 
point m u s t  provide a 0.  99 confidence that 100% of the  landing point 
the  acceptab i l i ty  c r i t e r i a  s t a t ed  above. 

a r e a  sa t i s f ies  

2 .  1. 1. 8 Miss ion  Probabi l i ty  of Success  

The  probabi l i ty  of achieving the  p r i m a r y  mis s ion  objective shal l  be 
0 .  50. 
s u c c e s s  probabi l i t i es  and i s  applicable to a total  of eight SLRV miss ions .  

Th i s  probabi l i ty  includes the  launch vehicle  and Surveyor  Spacecraf t  

2 .  1. 2 S u m m a r y  of Sys tem Requi rements  

2 .  1 .  2 .  1 Landing Point  P a t t e r n  

The d e s i r e d  pa t t e rn  of certif ied points in the  s i te  i s  shown in 
F i g u r e  3 -  1 of Volume 11. T e r r a i n  conditions may  not allow the cer t i f ica t ion  of 
po in ts  p r e c i s e l y  in  the  indicated pattern,  but the pa t t e rn  can  be adjusted where  
n e c e s s a r y  with c l o s e r  spacing between points.  
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2 .  1 . 2 .  2 Landing Point Spacing and Location Accuracy 

Although t h e  pa t te rn  of points m a y  be a l t e r e d  to  compensate  f o r  t e r -  
r a i n  condidtions, the maximum allowable d is tance  between any two adjacent  
points i s  5 2 8  m e t e r s  f r o m  center  to c e n t e r .  

A l l  landing points shal l  be located with an  a c c u r a c y  of 20 m e t e r s  ( 3  r) 
with respec t  to one of the  LEM navigational a id  m a r k s  (specif ied below). 

2 .  1. 2. 3 Landing Point Diameter  

Consis tent  with the above point location a c c u r a n c y ,  the landing 
points 
within a d iameter  of 40 m e t e r s .  

shall have a minimum surveyed and cer t i f ied  acceptable  a r e a  contained 

2 .  1. 2 .  4 Landing Point  Identification 

The  SLRV m u s t  be capable  of e i t h e r  locating and identifying n a t u r a l  
m a r k s  o r  emplacing t h r e e  a r t i f ic ia l  m a r k s  to  s e r v e  as  navigational a i d s  t o  the 
L E M  crew.  The m a r k s  must  have the visual  qual i t ies  specified in Appendix A 
of Volume 11. 

Minimum spacing between any two m a r k s  shal l  be 1500 m e t e r s .  E a c h  
mark shal l  be located with r e s p e c t  to  the o ther  two with an  a c c u r a c y  of 20 m e t e r s .  

2 .  1.  2 .  5 Landing Point  Cert i f icat ion Data 

The landing point cer t i f ica t ion  da ta  r e q u i r e m e n t s  s u m m a r i z e d  below 
a r e  those der ived to  sa t i s fy  the soi l  bear ing  s t r e n g t h ,  effective pro tuberance ,  
and effective s lope m e a s u r e m e n t s  specif ied in Section 2.  1 .  1. 

2 .  1. 2 .  6 Effective P r o t u b e r a n c e  Data 

All s u r f a c e  discont inui t ies  of 20 c m  o r  m o r e  change in  elevation 
within the landing point sha l l  be identified with an  a c c u r a c y  of 5 c m  m i n i m u m .  

2. 1 .  2 .  7 Effective Slope Data 

The s y s t e m  sha l l  be capable  of providing elevat ion,  pro tuberance ,  
and bear ing  s t rength data  s o  t h e r e  is a 99% confidence that  t h e r e  a r e  no effect ive 
s lopes of 1 2 O  o r  g r e a t e r  i n  a cer t i f ied  landing point. 
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2. 1. 2 .  8 Soil Bear ing  Strength Data 

Soil bear ing s t rength  is defined as the  f o r c e  p e r  unit area that  the  soi l  
will support  at a given level  of sinkage. 
of extrapolation to a r e a s  l a r g e r  than 0. 30 m e t e r  

The t e s t  collected data  should be capable 
in d i a m e t e r .  

M e a s u r e m e n t s  f o r  bear ing  s t rength  shal l  be taken a t  a minimum of 45 
The data  m e a s u r e m e n t  range shal l  locat ions dis t r ibuted o v e r  the landing point. 

be  sufficient to be c o r r e l a t e d  to  bearing s t rength  of 0 .  5 to  1 2  p s i  with a to le rance  
of & 2 0 %  within this  range.  

The  depth of m e a s u r e m e n t s  sha l l  be a t  l e a s t  50 c m  unless  a f o r c e  of 
2 1 2  l b / i n .  is encountered.  

2. 1.  2. 9 Mobility 

The SLRV shal l  be capable of t r a v e r s i n g  the sur face  models  specified 
in EPD-98,  Revision 1 ,  commensura te  with a 0 .  5 probabili ty of successful ly  
cer t i fying 19 acceptable  landing points and identifying o r  emplacing t h r e e  m a r k s .  

2.  1. 2 .  10 Data T r a n s m i s s i o n  

Data t r a n s m i s s i o n  shal l  be compatible with the DSIF capabi l i t ies  as 
specif ied in JPL Technical  Memorandum No. 33-83. 

2. 1. 2 .  11 Reliabil i ty 

The S L R V  s y s t e m  reliabil i ty shall be c o m m e n s u r a t e  with 0 .  5 
probabi l i ty  of successfu l ly  cer t i fying 19 acceptable  landing points and identifying 
o r  emplacing t h r e e  m a r k s .  

2.  1 .  2 .  1 2  Phys ica l  and Environmental  Contraints  

T h e  SLRV shal l  be compatible with the physical  and environmental  
c o n s t r a i n t s  specified in Section 2 of Volume 11. 
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2 . 2  SYSTEM INTERGRATION 

The SLRV s y s t e m  has  been designed to  be compatible  with the s p a c e c r a f t  
and environmental  cons t ra in ts  delineated in the following documents:  

1. Engineering Planning Document No. 98, Rev. 1: "Requirements  for  a 
Roving Vehicle f o r  the Surveyor  Spacecraf t" ,  Je t  Propuls ion  L a b o r a t o r y  
Pasadena ,  Cal i fornia ,  18 November 1963. 

2 .  Technical Memorandum No. 33-83: "System Capabi l i t ies  and Development 
Schedule of the Deep Space Instrumentat ion Faci l i ty" ,  
Labora tory ,  P a s a d e n a ,  Cal i fornia ,  2 M a r c h  1962. 

Je t  Propuls ion  

3.  HAC Specification No.  235903, Rev. C: "Surveyor Bas ic  Bus (2100 lb) 
Payload Interface Requirements" ,  Hughes A i r c r a f t  Company, El 
Segundo, Cal i fornia ,  21 June 1963. 

The  exploded view of the vehicle i s  shown in F igure  2. 2-1.. The  s,ystem 
block d iagram of the SLRV is shown in F igure  2. 2-2. 
the 'vehicle i s  shown in F i g u r e s  2 .  2 - 3  and 2. 2-4 .  

The s ignal  flow within 

The  integrated s y s t e m  cons is t s  of defined i t e m s  which can  be r e p r e s e n t e d  
by the Hardware T r e e s  shown in F i g u r e s  2 .  2-5 through 2 . 2 - 8 .  
functional organization of the equipment i s  cons idered  the s y s t e m  c a n  be 
represented  by the Functional Specification T r e e  shown in F i g u r e  2. 2-9.  

When the 

2. 2.  1 SLRV Configuration 

The SLRV configuration i s  shown in F i g u r e  2. 2-1 and weighs 100 lb  includi 
Surveyor-mounted equipment.  
s t r u c t u r e .  
ar t iculated joint. 
TV c a m e r a ,  antenna,  and the at tachment  in te r face  to the Surveyor  Spacecraf t .  

This  vehicle  has  an  aluminum alloy t r u s s  - type 
The  t r u s s  network provides  the interconnect ing s t r u c t u r e  f o r  the 

the RTG power supply,  the e lec t ronic  c o m p a r t m e n t  s t r u c t u r e ,  

The TV c a m e r a  is mounted on the  t o p  of the vehicle  s t r u c t u r e  on a 
spr ing-loaded support  mast .  
n e a r  the TV c a m e r a  to a stowage fitting on the SLRV with an  explosive la tch  pin 

During fl ight t h i s  a s s e m b l y  is  folded and la tched 

The direct ional  antenna is a t tached t o  the  s t r u c t u r e  at the r e a r  of the  vehic 
During flight this  antenna a s s e m b l y  is folded and s e c u r e d  with 

A s t o r e d - e n e r g y  power s p r i n g  r a i s e s  the antenna a f t e r  the vehicle h a s  
on a support  m a s t .  
la tch pins.  
deployed from the Surveyor .  
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In o r d e r  to faci l i ta te  deployment ,  the SLRV is hinged t o  the  Surveyor  
s t r u c t u r e  and c o m p r e s s e d  aga ins t  the deployment s p r i n g s .  The sp r ing  la tching 
mechan i sm suppor ts  the vehicle  to  minimize the  launch v ibra t ion  loads .  A 
suppor t ,  a l s o  provided f o r  holding the SLRV struts and t r a c k s  during t r a n s i t ,  will 
be removed p r i o r  to  SLRV deployment .  Deployment commands  wil l  be rece ived  
by the SLRV through an umbi l ica l  which is  loca ted  n e a r  the deployment s p r i n g s .  

The mobil i ty  subsys t em of the SLRV includes four  t r ac t ion  d r i v e s .  Each 
t r a c k  is individually powered by a t ract ion d r i v e  moto r .  Di f fe ren t ia l  
speed cont ro l  of t hese  t r ac t ion  m o t o r s  is u sed  f o r  s t e e r i n g .  
accommodated  by an a r t i cu la t ed  body s t r u c t u r e  using a floating pivot. 

The s t ee r ing  is 

The e l ec t ron ic  compar tmen t  contains all of the functional e l ec t ron ic s  units 
f o r  opera t ing  the  SLRV except  for  the  TV c a m e r a .  
packaged on the under  s ide  of the the rma l  plate which f o r m s  the  top  of the  
e l ec t ron ic s  compar tmen t .  
cont ro l .  
vehicle  i s  the pene t romete r  for  making the  soi l  m e a s u r e m e n t s .  

These  e l ec t ron ic  units a r e  

This  plate is one of the e s sen t i a l  e l emen t s  in t h e r m a l  
A l s o  mounted in the electronic  compar tmen t  n e a r  the cen te r  of the 

T h e r m a l  cont ro l  of the  e l ec t ron ic s  compar tmen t  is achieved by the  use  of 
spec ia l  insu la tor  t h e r m a l  radiat ion shields ,  r e s i s t o r  h e a t e r s ,  and t h e r m a l  
coa t ings  . 

half of the  vehicle  s t r u c t u r e .  
Power  for  the SLRV i s  supplied by the  RTG which i s  mounted on the back  

2. 2.  1.  1 SLRV-Surveyor  Compatibil i ty 

The vehicle  h a s  been designed s o  that t h e r m a l  e l e c t r i c a l  and mechanical 
i n t e r f e r e n c e s  with Surveyor  have been minimized .  The vehicle  l i e s  within the 
outline spec i f ied  in the  payload envelope except  for  an  apparent  i n t e r f e rence  in 
a r e a  A shown in F i g u r e  2. 2 -10 .  In this a r e a ,  the  c l e a r a n c e  a p p e a r s  to have 
been  violated by approximate ly  2 in.  at one point. Because  of the l ack  of detai l  
of the  Surveyor  s t r u c t u r a l  m e m b e r  positions, i t  i s  not a l together  c e r t a i n  that 
t h e r e  i s  i n t e r f e rence .  The in te r fe rence  i s  between the  vehicle  d i rec t iona l  
antenna and eject ion support  mechanism and the Surveyor  c r o s s  s t r u c t u r e  
m e m b e r s .  

2 .  2 .  2 Ground Support  Equipment (GSE) 

The  in tegra ted  SLRV s y s t e m  r e q u i r e s  a se lec t ion  of appropr i a t e  GSE which 
will function effectively with the  vehicle and with the  GOE. 
f o r  funct ional  checkout ,  se rv ic ing ,  handling, and t r anspor t a t ion  act ivi t ies  in- 
volved during p repa ra t ion  of the  SLRV f o r  launch.  
mechan ica l  suppor t  i s  provided f o r  the instal la t ion and operat ion of the GOE. 

This  GSE provides  

In addition, functional and 
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Figure  2 . 2 -  1 S L R V  Configurat ion Concept 
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TRANSMITTER 

PENTROMETEK 

- 

I 

Figure 2.2-4  Thermal Box Schematic 
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- S t r a p s  

- S t r u c t u r e  Sub Assy  ( F r o n t )  

- S t r u c t u r e  Sub Assy  ( R e a r )  

-Suspens ion  

-Deployment  In te r face  

-S teer ing  Lock 

-Antenna E r r e c t i o n  Mech. 

- T .  V. E r r e c t i o n  Mech. 

- .  

- Trac t ion  Drive Unit 

- T r a c k  F r a m e  A s s y  

- Id le r  Sprocket  

- P r e - S t r e s s e d  Rim 

- S e c t o r  Stop Assy  

- O d o m e t e r  

I .  

SURVEYOR MODIFICATION 

Deployment  Mech T r a n s p o n d e r  I Um bili c a1 Antenna Switching Logic  

F i g u r e  2. 2-5 Vehicle Hardware  T r e e  

SLRV - 
I I I 1 

ELECTRONIC BOX ASSY RT G - 
T h e r m a l  Plate 

In suiat ion 

Command Rece iver  

Solar  Aspect  S e n s o r  E l e c t r o n i c s  

T r a n s m i t t e r  

T / M  P r o c e s s o r  (With S e n s o r s )  

C o n v e r t e r  

P e n e t r o m e t e r  

Voltage Regulator  

Command Decoder  

Mobility Cont ro l  

R F  Ranging 

Inc l inometer  

Umbil ical  

I I I 
T - V  C a m e r a  Assy  Solar  Aspec t  Sensors  Antennas 

Mounting P o s t  R F  Ranging 

Omni  Direct ional  t Direc t iona l  

F i g u r e  2. 2-6  Surveyor  Modification Hardware  T r e e  
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The m a j o r  i t e m s  of the GSE s y s t e m  a r e  l i s t ed  below: 

1.  

2 .  

3. 

4 .  

5. 

6. 

7.  

8. 

9. 

10. 

11. 

1 2 .  

SLRV Funct ional  T e s t  Group 

SLRV Transpor t a t ion ,  Handling and Shipping Equipment  

SLRV Servicing Equipment 

SLRV Alignment and Cal ibrat ion Equipment  

SLRV P r e - l a u n c h  Checkout Equipment Group 

Surveyor /SLRV Umbilical  Function T e s t  Set 

Surveyor  Deployment Mechanism T e s t  F ix tu re  

Surveyor  Modification Shipping Conta iners  

R F  Ranging Transponder  Tes t  Set 

GOE Funct ional  T e s t  Equipment Group 

GOE Handling, Transpor ta t ion ,  and Shipping Equipment  

SLRV Simula tor .  

T h e s e  i t e m s  and t h e i r  functions a r e  d iscussed  in Section 2.  15 

2.  2 .  3 Ground Operat ing Equipment (GOE) 

T h e  GOE p e r f o r m s  the  functions of vehicle  cont ro l ,  pe r fo rmance  
moni tor ing ,  and col lect ion and analysis  of s u r v e y  da ta  when the SLRV is o p e r -  
a t ing on the luna r  su r face .  
vehicle  to  provide adequate  cont ro l  of the vehicle and to  faci l i ta te  the flow, use ,  
and s t o r a g e  of l una r  da ta .  Th i s  equipment w i l l  cons i s t  of only that  equipment 
n e c e s s a r y  to  suppor t  the  exis t ing and planned DSIF and S F O F  faci l i t ies .  

This  equipment i s  s e l ec t ed  in conjunction wi th the  

The  equipment  at the Goldstone Deep Space Station (DSS) will cons is t  of 
a Data  Recons t ruc t ion  Unit, a T V  Data P r o c e s s o r ,  and a TV moni tor .  

The  equipment at t he  S F O F  Will cons i s t  of a n  Input Signal Monitor 
Console ,  a Data Recons t ruc t ion  Unit, A TV Data P r o c e s s o r ,  a Vehicle Sys tem 
Monitor ing and Control  Console ,  a Vehicle Control  Console ,  Survey Control  
Conso le ,  a Command Decoder  unit ,  a Command Word Genera to r ,  and photo- 
m e t r i c  ana lys i s  equipment .  
m e n t  i s  found in Section 2 .  14. 

Functional design informat ion  on the  above equip-  
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2. 2 .4  Vehicle Weight, Balance,  and  Power 

The total  operating weight of the vehicle is 91.87 lb.  The s towed 
total  weight of the SLRV is 100 l b  including Surveyor  mounted equipment.  
The SLRV u s e s  a t ransponder  and  the t ransponder  antenna on the Surveyor  
Spacecraft  for  navigation. Also  left  behind with the Surveyor  Spacecraf t  
will be the deployment mechanisms,  the radiat ion hea t  shield,  a n d  the u m -  
bi l ical  cabling. The total  SLRV weight le f t  with the Surveyor  Spacecraf t  
is 8. 13 lb.  
ment .  

F i g u r e  2.2-11 shows the location of Surveyor  mounted equip- 

Figure 2 .  2-12 shows the r e f e r e n c e  a x e s  or ientat ion used  for  the 
c e n t e r  of gravity and  moments  of i n e r t i a  calculat ions for  the SLRV. 
Table  2 .2-1 gives a breakdown of the components on the SLRV i n  the o p e r a t -  
ing configuration a n d  the weights for each component. Table  2. 2 - 2  gives  
the weight breakdown f o r  the components left on the Surveyor  Spacecraf t .  

The location of the c e n t e r  of gravi ty  has  been calculated for the ve-  
hicle  in i t s  operat ing configuration and in  the folded-for -stowage configura-  
tion. 
c e n t e r  of gravity locat ions,  i s  s u m m a r i z e d  in Table 2.  2-3. 

This information,  together  with the moments  of i n e r t i a  about t h e s e  

The power furn ished  by the conver te r  for  each  component of the 
vehicle s y s t e m  h a s  the appropr ia te  voltage leve ls  r e q u i r e d  by the indivi-  
dual equipment units.  
c o n v e r t e r s  a t  each unit. 
chosen  to maintain power consumption below the capaci ty  of the  power sub-  
s y s t e m .  Table 2. 2-4 shows the constant power r e q u i r e m e n t s  for  e a c h  unit, 
the maximum additional power that c a n  be r e q u i r e d  by each  unit, a n d  v a r -  
ious combinations of loads which cannot b e  supplied because the combined 
load  exceeds the supply. In Table  2 .  2-5 a r e  p r e s e n t e d  in  detail  the power 
requi rements  for each equipment unit spec i f ied  by voltage level .  

This h a s  been done to e l iminate  inefficient power 
Equipment and  operat ional  functions have been 

On the pad a n d  during the ear th-moon t r a n s i t ,  the t rac t ion  d r i v e  
a s s e m b l i e s ,  the TV, the t r a n s m i t t e r ,  a n d  var ious  other  units do not con-  
s u m e  all of the power genera ted  by the RTG. 
heating within the e lec t ronic  units a n  energy  diss ipat ing r e s i s t o r  h a s  been 
added  to  the assembly .  
down a n d  radiates  to  space.  

In o r d e r  to  prevent  o v e r -  

This  r e s i s t o r  is s i tua ted  on the deployment t i e -  

2-  20 III/ I 



BSR 903 

RF RANGING 
ANTENNA 

RF RANGING UNIT 
IN COMPARTMENT 

DEPLOYMENT 
STRUCTURE 

F i g u r e  2. 2- 11 Locat ion of Surveyor-Mounted Equipment 
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TABLE 2 . 2 - 1  

SLRV COMPONENT WEIGHTS (OPERATING CONFIGURATION) 

Elec t ronics  

Mobility Control 

Rec iever  

Omni-Directional Antenna 

T r a n s m i t t e r  

Directional Antenna Elect. 

Directional Antenna & Servos  

Dir . ,  Ant. Boom & Mech. 

Navigation and  Control 

R F  Ranging 

R F  Ranging Antenna 

Inclinometer 

Odometer 

Sun Sensor  Elect. 

Sun Sensor  & Hardware 

Sun Sensor  & Hardware 

Sun Sensor & Hardware 

Sun Sensor  & Hardware 

Data Handling 

Command Decoder 

Telemet ry  

Power Supply 

RTG 

Conver te r  

Exper iments  

Penet rometer  

Television 

C a m e r a  a n d  Motor 

C a m e r a  Support & Mech. 

Mobility 

T r a c k  1 

T r a c k  2 

T r a c k  3 

T r a c k  4 

Steer ing Lock 

Cabling 

T h e r m a l  Control 

T h e r m a l  Box 

Thermal  P la te  

S t ruc ture  

Body Half 1 

Body Half 2 

Suspension System 1 

Suspension System 2 

Contingency 

Operating Vehicle Totals 

(12.1)  

0.5 

1.4 

1.0 

3.2 

0 . 5  

4 . 0  

1 . 5  

8 .3  

3 .5  

0 .5  

1.0 

0.4 

1.5 

. 3 5  

. 3 5  

. 3 5  

. 3 5  

(2.75) 

0. 25 

2.50 

(24.6) 

20 .9  

3.7 

(2.6) 

2 . 6  

(8 .45)  

7. 63 

.82  

(12.9)  

3 .0 

3.0 

3 .0  

3.0 

0.9 

(4.5) 

(4 .50)  

2 .25 

2.25 

(7.424)  

2. 85 

3. 129 

.720 

.720  

3.75 

91.87 
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TABLE 2 .2 -2  

SLRV FINAL COMPONENT WEIGHT (STOWED CONFIGURATION) 

Units 
Spacecraf t  

Deployment 

U r n  bil ic a1 

Transponder  

Transponder  Antenna 

Transponder  Support  

Coaxial Cable  

Radiation Heat Shield 

Weight 
(8. 13) 

3 .63 

0 . 5  

1 . 0  

0 .2  

0 .5  

0 . 5  

2.50 

TABLE 2 . 2 - 3  

CENTER O F  GRAVITY AND INERTIA TABLE FOR STOWED 
AND OPERATING CONFIGURATIONS 

Center  of Gravi ty  (Ref.  F i g u r e  2.2-12)  

X - 
Operating 39.58 

Stowed 35 .38  

2 In t e r i a  About c g  ( s lugs  -ft ) 
.- 

Ixx 
Operating 3 .62  

Stowed 1. 70 

- Y 

-. 026 

1.11 

I Y  Y 
3 .76 

2. 51  

Z - 

6.89 

5 .38  

z z  
I 

3 .78  

3. 52 
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2. 2. 5 RTG a n d  Vehicle Integrat ion 

2 .  2 .  5. 1 T h e r m a l  In t e r f aces  

The rad ia t ign  des ign  c o n s i d e r e d  optimum f o r  t he  RTG m a y  i m p o s e  
t h e r m a l  cont ro l  p rob lems  on  the  o ther  p a r t s  of the vehicle .  During the l u n a r  
day, hea t  m u s t  be d i s s ipa t ed  f r o m  the ins t rumenta t ion  package,  a n d  t h e r m a l  
rad ia t ion  shielding is r equ i r ed .  
t h e r m a l  energy  m u s t  be suppl ied t o  the ins t rumenta t ion  package for t e m p e r a -  
t u r e  control .  
RTG to sat isfy this  demand d i rec t ly  r a t h e r  than using the e l e c t r i c a l  power 
(which is l imi t ed  i n  quant i ty)  as a hea t  s o u r c e .  

However , during luna r  night condi t ions , 

Thus,  i t  is des i r ab le  t o  u s e  the t h e r m a l  rad ia t ion  f r o m  the 

During pre launch ,  cooled  air will  be suppl ied  to  the s h r o u d  to  
cool  the SLRV. During t r a n s i t ,  the  RTG c a n  d iss ipa te  hea t  to  s p a c e  a f t e r  
the s h r o u d  is e j ec t ed  which will occu r  approximate ly  3 .  5 minu tes  f r o m  
launch. A spec ia l  t h e r m a l  shield will a l s o  a i d  i n  protect ing the Surveyor  
spacec ra f t  f r o m  the hea t  of the RTG. 

2. 2 .  5. 2 E l e c t r i c a l  In t e r f ace  

The RTG is bas ica l ly  a cons tan t  power device,  and  s e r i o u s  p e r -  
fo rmance  degradat ion c a n  r e s u l t  to  the t h e r m o e l e c t r i c  g e n e r a t o r  i f  numerous  
load  var ia t ions  a r e  imposed .  This  does not p rec lude  per iodic  load  changes ,  
but rad ica l ly  fluctuating loads  c a n  c a u s e  de t r imen ta l  t h e r m a l  cycl ing of 
the the rmoe lec t r i c  m a t e r i a l .  This  is p reven ted  by p rope r  des ign  of the 
power conver te r  a n d  r egu la to r .  Another cons ide ra t ion  i n  c o n v e r t e r  - 
regula tor  design is to  e n s u r e  that  the g e n e r a t o r  is  not open c i r c u i t e d  fo r  
long per iods ,  s ince  th i s  wil l  r e s u l t  i n  l o s s  of P e l t i e r  cooling a t  the hot  
junction with no c u r r e n t  flow. In addition, the  g e n e r a t o r  s u r f a c e  m u s t  
r ad ia t e  a g r e a t e r  t h e r m a l  flux, s ince  no conve r s ion  to  e l ec t r i c i ty  is o c c u r -  
r ing with a n  open-c i rcu i t  condition. 

The e l e c t r i c a l  i n t e r f a c e  between the RTG a n d  the c o n v e r t e r  - 
regula tor  cons i s t s  of two insu la ted  l eads .  

2 .  2. 5. 3 Power In tegra t ion  with Subsys t ems  

Subsystem in tegra t ion  involves  the l o a d  r e q u i r e m e n t s  of all sub -  
s y s t e m s ,  the opera t ion  of the RTG and  i t s  con t ro l ,  and  the opera t ion  of the 
conve r t e r  - regula tor  and  its c h a r a c t e r i s t i c s .  

2-  26 III/ 1 
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Voltage 
And 

Tolerance  

4.5VDC 
t 5% - 

Mode 1 

Mobility 

Control Motor Transmi t te r  

_ _ - _  _ _ - -  1. 13A 

Mode 2 

Communications 

Rece iver  

Antenna Antenna 
And Transmi t te r  T ransmi t t e r  Television 

_ _ _ -  0 . 0 1  100 VDC - - _ -  
t 10% - 

Variab le  1. 8 8 .0  7.36 
Load 

Constant 0 .2  _ _ _ -  1. 13  
Load (t. I8WAC) 

Subsystem 2.0 8 . 0  8.49 
Total  (t. 18WAC) 

Mode 3 

Penet rometer  

Motor Transmi t te r  R F  I n r l  
R 1 n gi ng  

__.. 1. 1 3 A  
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4 . 4 3  - - - -  
( 6 .  O C )  

0.  6E 1 .9 '  
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TABLE 

CONVERTER OUTPUT PC 

nata  
Handling Navigation 

Regulators 

Load 
Conditio’ 
F-Fixed 

Command S -Switch 
Sensor  P roc .  Decoder V- Varia’ 

_ _ _ _  _.._ 

A 0 . 0 3 A  0. I 

0. 045A _ _ _ _  

0. 14A .___ 
! 

I .-__ _ _ _ _  
~ =-= 
I 
i 

.___ __._ 

I 

I 
0 .395  0 . 1  
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t 
I 

0 .395  0 . 1  

F 1 . 4 9 A  ] . I A  .... 

F , S  _ _ _ _  A 
0 . 2 2  - - - -  

A 
0 . 5  V _ _ _ _  ._._ 

._-_ _ _ _ _  F. S _ _ _ _  

_ _ _ _  _ _ _ _  _ _ _ _  

2 .94 1 . 1  1. 323 
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ER DISTRIBUTION (B) 

Total  Power  

Fixed Mode Mode Mode 

1.13 1 .  13 1. 1 3  1. 13 

0. 385 0. 385 0 .385  0. 385 

1 . 1  1 .1  1 . 1  1 . 1  

1 .338  1.338 1. 338 1. 338 

0 .52  0 .52  0. 5 2  0.  52 
(2. 27) 

.._. (2 .02)  ._._ 

6. 05 6. 05 6 .05  

1 . 2  I .  2 1 . 2  

2. 92 2.92 2. 92 2.92 
+.18wAC) (t. l8WAC) (t. 18WAC) (+. 18M’AC) 

1.265 1.365 1. 365 1. 365 
(2. 215) 

4 .44  14. 24 10.44 10.44 

0 . 6 3  0 . 6 4  0 .  64 0. 64 

3. 728 
. 18WAC) 

31.068 27. 268 27.268 
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The c o n v e r t e r  suppl ies  all  the d e s i r e d  voltage leve ls  to  all the 
informat ion  s u b s y s t e m s .  
genera t ion  and  l ine  voltage modulation. 
with f i l t e r s  on the c o n v e r t e r  input a n d  conver te r  outputs. 
duces l ine  radiation. 
these  will be mounted within a s t e e l  container.  Another s o u r c e  of i n t e r -  
fe rence  between s u b s y s t e m s  r e s u l t s  f rom, modulating loads ;  each l o a d  
will  be al lowed a maximum l ine r ipple  voltage. 
a r e a s  of concern:  (1)  the TV conver te r  at 20 kcp, 
r e f e r e n c e ,  and  ( 3 )  mobility. 

The s o u r c e s  of possible  i n t e r f e r e n c e  a r e  R F I  
Conducted R F I  will be reduced  

This a l s o  r e -  
A s o u r c e  of radiation R F I  is  the magnetic components ;  

P r e s e n t l y  t h e r e  a r e  t h r e e  
(2)  the A / D  c o n v e r t e r  

The a r e a  of in te r fe rence  due t o  momentary  overloads or p e r m a n -  
ent overloads is a l s o  impor tan t .  
d e g r e e  of overload m a y  reduce  the output voltages such  that  detection a n d  
r e m o v a l  of the overload is v e r y  difficult, especial ly  i f  the logic is a l s o  los t .  

The c h a r a c t e r i s t i c  of the RTG a n d  the 

2. 2. 5 . 4  Mechanical In te r faces  

The RTG is packaged on the aft sect ion of the vehicle  as  shown 
in  F i g u r e  2.2-1.  
m a x i m u m  area f o r  radiat ion to s p a c e ,  I t  w i l l  a l s o  be insulated f r o m  the 
s t r u c t u r e  of the SLRV aft  sect ion.  
u r e  2. 2-13(c) .  

When s towed aboard  the Surveyor ,  i t  will  p r e s e n t  a 

This instal la t ion is shown in  F ig-  

2 . 2 . 6  T h e r m a l  Control Subsystem Integrat ion 

The t h e r m a l  control  on the SLRV is a pass ive  s y s t e m .  
t r o l  is  achieved  by u s e  of a n  insulated e lec t ronics  c o m p a r t m e n t ,  t h e r m a l  
rad ia t ion  shields ,  and  se lec t ive  thermal  coatings.  

This con-  

To obtain t h e r m a l  control ,  the e lectronic  package is insulated 
f r o m ,  but in c l o s e  proximity t o  the RTG. 'l 'he e l e c t r i c a l  heat dissipating 
components  a r e  mounted onto the specially designed thermal.  plate of the 
e lec t ronic  package. The mounting plate is insulated f r o m  the r e s t  of the 
s t r u c t u r e .  The s i d e s ,  f ront ,  r e a r ,  and bottom of the package have r a d i a  
t ion sh ie lds ,  and  t h e r m a l  coating a r e  u s e d  on all the s u r f a c e s .  

-_ 
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2. 2. 7 

2.2.7.  1 Mechanical Considerat ions 

TV C a m e r a  Integration 

The TV m u s t  be mounted rigidly to  the s t r u c t u r e  on the front  of 

Considerat ion of the s t r u c t u r e  design was 
the vehicle s o  as  to  look f o r w a r d  during running a n d  be ab le  to  examine 
the t r a c k  t r e a d  a t  c l o s e  range.  
given s o  that the c a m e r a  would be located 35 in.  above the ground during 
operation on the lunar  s u r f a c e  a n d  a l s o  be f r e e  to  t u r n  f 200° in az imuth  
and  t15O and -45' in  elevation. 

In o r d e r  to  stow the SLRV in the configuration shown in F i g u r e  2. 2-1 
the TV c a m e r a  is mounted on a folding boom. 
tors ion  spring upon c o m m a n d  and r e l e a s e d  by a redundant explosion squib 
ac tua tor .  The TV in te r face  on the TV boom with the vehicle s t r u c t u r e  is 
shown i n  Figure 2. 2-14. 

The c a m e r a  is  e r e c t e d  by a 

2. 2.  7. 2 E l e c t r i c a l  In te r faces  

The e l e c t r i c a l  in te r faces  between the e lec t ronics  c o m p a r t m e n t  
and  the TV s u b s y s t e m  c o n s i s t  of a cable  of 50 l e a d s .  
in the S L R V  e l e c t r i c a l  in te r face  drawing (F igures  2.  2-3 a n d  2. 2-4). 

These  l e a d s  a r e  shown 

2. 2. 7. 3 T h e r m a l  In te r faces  

The  T V  c a m e r a  is  physically s e p a r a t e d  f r o m  the  r e s t  of the S L R V  
t h e r m a l  control s y s t e m .  T h e r e f o r e ,  the t h e r m a l  cont ro l  m u s t  be in tegra ted  
with the mechanical packaging of the TV e lec t ronics  ( F i g u r e  2 .  2-15). 

2. 2 .8  S t ruc ture  Integration 

2. 2.  8. 1 Mechanical Considerat ions 

The vehicle s t r u c t u r e  m u s t  be capable  of support ing the other 
subsys tems under the environments  spec i f ied  in Specification HAC 239503, 
Rev. C,  Surveyor Basic  Spacecraf t .  

The p r i m a r y  s t r u c t u r e  is  a r i v e t e d  a luminum alloy t r u s s  as 
shown in Figure 2.  2-13 (a, b, and  c ) .  

On this s t r u c t u r e ,  folding m e c h a n i s m s  a r e  provided for the 
antenna designs. 
TV support  mas t .  

A folding a n d  lock  m e c h a n i s m  is a l s o  provided f o r  the 
These  devices  a r e  shown in F i g u r e  2.2-14.  

2 - 3 0  III/ 1 
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Figure 2. 2-13  SLRV S t ruc tu re  Assembly (Sheet 2 of 3 )  
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SECTION a -J 
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Figure 2.  2 - 1 3  SLRV Structure  Assembly  (Sheet 3 of 3 )  
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A locking device is included in the SLRV s t r u c t u r e  to  align the 
two body sect ions in t h r e e  positions. 

Support s t r u t s  a r e  provided for attaching the t rac t ion  dr ive  units 
to the p r i m a r y  s t r u c t u r e .  
The e l e c t r i c a l  in te r face  with the t racks  and dr ive  m o t o r s  is shown in  the 
e l e c t r i c a l  interface drawing ( F i g u r e  2 .2-  3) .  

The mechanical in te r face  is  shown in F i g u r e  2.2-1.  

2. 2 . 8 .  2 Deployment Considerat ions 

The deployment mechanism is shown in  F i g u r e  2. 2-16. It c o n s i s t s  
of hinging the SLRV t o  the Surveyor  s t r u c t u r e  a n d  holding it c o m p r e s s e d  
aga ins t  a deployment spr ing  by m e a n s  of a squib ac tua ted  pinned locked 
fi t t ing.  The support  hinges a t tach  t o  the r e a r  of the SLRV a n d  to the S u r -  
veyor  s p a c e c r a f t  s t r u c t u r e  t o  take the major  loads  a n d  provide a pivot for  
deployment. 

Provis ion  for  activating the deployment mechanism is made  
through the SLRV-Surveyor umbilical  connector.  
mand,  the squib ac tua tor  r e l e a s e s  the pinned lock fitting a n d  allows the 
e j e c t o r  spr ing  to  ro ta te  the vehicle through i t s  deployment a r c .  
act ion r e l e a s e  will  a l s o  s e p a r a t e  the umbilical connection f r o m  the Surveyor .  

Upon r e c e i p t  of the com- 

The s ingle  

The umbil ical  plug f o r  the SLRV will be loca ted  ad jacent  to  the 
upper  tiedown r e l e a s e  fi t t ing on the Surveyor Spacecraf t  f r a m e .  
umbil ical  plug will be engaged by installation of the SLRV in  Surveyor  a n d  
r e l e a s e d  by separa t ion  of the SLRV. 

The 

P r e s e n t  design c a l l s  for only six e l e c t r i c a l  l e a d s  in  the plug- 

The deployment s ignals  will be the on-off type t o  act ivate  squib 
It m a y  be d e s i r a b l e  for  re l iabi l i ty  

I t  a p p e a r s  possible  f r o m  the SLRV block 

four  to cont ro l  SLRV deployment and  two for c o m m a n d  a n d  t e l e m e t r y  
s ignals .  
c i r c u i t s  using power f r o m  the SLRV. 
to  a d d  backup c i r c u i t s  using Surveyor  power. 
l e a d s  would probably be shielded. 
d i a g r a m  to connect at a point between the SRLV t e l e m e t r y  p r o c e s s o r  a n d  
t r a n s m i t t e r ,  thus supplying processed  s ignals  through the umbilical  t o  
the Surveyor  for r e l a y  both during prelaunch on the pad a n d  in  t rans i t .  

The c o m m a n d  and t e l e m e t r y  

III/ 1 2-39 
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2 . 2 . 9  Antenna Integration 

2. 2. 9. 1 Mechanical In te r face  

The t ransmi t t ing  and  receiving antennas a r e  mounted on folding 
booms to  stow in the avai lable  envelope and  provide the d e s i r e d  operat ional  
height after deployment. These  units a r e  e r e c t e d  by tors ion  spr ings  a n d  
locked into posit ion mechanical ly .  
action immediately following the e rec t ion  of the TV by the delayed spr ing  
of a redundant squib ac tua tor .  
in  F i g u r e  2. 2 -17 . .  

The deployment c o m m a n d  ini t ia tes  this  

The direct ional  antenna in te r face  is  shown 

2. 2. 9. 2 E l e c t r i c a l  I n t e r f a c e s  

The e l e c t r i c a l  in te r faces  t o  the t ransmi t t ing ,  receiving,  a n d  R F  
ranging antennas a r e  shown i n  the e l e c t r i c a l  interconnecting d i a g r a m ,  
F i g u r e  2.2.- 3. 

2. 2 .  10 P e n e t r o m e t e r  Integration 

The penet rometer  is located with i t s  bottom face a t  the 10. 75-in. 
ground c learance  height a n d  f r e e  f r o m  all obstruct ion.  This  unit is  loca ted  
c l o s e  to  the c g  t o  p e r m i t  use  of the maximum s i z e  head  on the p e n e t r o m e t e r .  
The loacation is a l s o  s e l e c t e d  s o  that  the p e n e t r o m e t e r  m e a s u r e m e n t s  a r e  
not made  in the t r a c k  path. F igure  2. 2-1 shows the mechanica l  instal la t ion 
of the equipment. 

2. 2 .  10. 1 E l e c t r i c a l  Command Signal 

The c o m m a n d  s ignal  r e q u i r e d  t o  ini t ia te  a s igna l  phase  of o p e r a -  
tion of the pene t rometer  will  be a 28-volt posit ive pulse  with a t i m e  d u r a -  
tion of 10 mil l iseconds o r  g r e a t e r .  Two other  c o m m a n d  pulses  will be 
n e c e s s a r y ;  one t o  provide a n  o v e r r i d e  s igna l  t o  s t o p  and  r e t r a c t  the probe 
during the operat ion cycle ,  a n d  another  to ini t ia te  the explosive c h a r g e  
destroying the tube. 

Voltage Requi rements  

The p e n e t r o m e t e r  m e c h a n i s m  r e q u i r e d  two voltage suppl ies  
including one 28-volt supply f o r  the DC m o t o r  a n d  one regula ted  6-vol t  
supply for the ins t rumenta t ion  and  cont ro l  c i r c u i t s .  

2-40 Ill/ 1 
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TUBE - A L  A L L O Y  
0.50 Dia x 0.06 W A L L  x 14.44 LO 
(4 REQ'D) 



.." 
PIN - A L  A L L O Y  

,/-0.19 Dia x 8.75 LONG 

COMPRESSION EXPLOSIVE B O L T  
SPRING /,,LEX INC. No. 2404 

1/4-28 THD 
(2 REQ'D) 

EXPLOSIVE 
CHAMBER 
7 

F i g u r e  2. 2-  16(b) SLRV Deployment Subsys tem 
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2. 2 .  10. 2 Mechanical 

The penet rometer  package s i z e  is 5 - 1 / 2  in. wide,by 4 - 7 / 1 6  in. 
deep,by 8 in. high. The penet rometer  is designed to r e s t  on the bottom 
of the e lec t ronics  c o m p a r t m e n t  and  t o  be fastened t o  the c o m p a r t m e n t  top 
plate.  A 0. 825-in. d i a m e t e r  hole m u s t  be provided in the bottom of the 
c o m p a r t m e n t  to p e r m i t  passage  of the probe tube. This  hole locat ion is 
approximately on the center l ine  of the p e n e t r o m e t e r  package and  near  the 
S L R V  cg. 

2-46 III/ I 
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2 . 2 .  11 E lec t ron ic  Packaging  Integration 

E lec t ron ic  packaging i s  covered  in  detai l  at t h i s  point,  because  
it involves e l emen t s  of many ha rdware  s u b s y s t e m s .  
packages  ut i l ize  mic romodu les  f o r  approximate ly  80% of a l l  c i r c u i t r y  
to  minimize  weight and  enhance re l iab i l i ty .  
materials a r e  used  throughout the  design. 

The  e l ec t ron ic  

P r o v e n  components  and 

2 . 2 . 1 1 . 1  E lec t ron ic  Compartment  

The  se lec t ion  of the packaging f o r  the SLRV e l e c t r o n i c s ,  
p r inc ipa l ly  the te lecommunicat ions and te lev is ion ,  h a s  been influenced 
by the s e v e r e  weight l imitat ions o n  the s y s t e m .  T h e r m a l  and  vibrat ion 
r e q u i r e m e n t s  w e r e  a l s o  cons idered ,  but  w e r e  not a s  s ignif icant  a s  the  
p rob lem of weight cont ro l .  
t h r e e  groups: 

The  e lec t ronic  c i r c u i t r y  w a s  divided into 

1. Digital  and low power c i r cu i t ry  

2 .  Analog and  high power c i r c u i t r y  

3 .  R F  o r  microwave  c i r cu i t ry .  

Microminia tur iza t ion  of c i r c u i t s  in  the above groups i s  
p r o g r e s s i n g  in the following ha rdware  a r e a s :  

1. 

2 .  

3 .  

4. 

Solid s t a t e  c i r cu i t  modules of s t anda rd  configuration such 
as  logic  ga t e s ,  operat ional  a m p l i f i e r s ,  e t c .  

Hybrid c i r c u i t r y  such as spec ia l  th in- f i lm deposit ion to  
customel’s specif icat ion 

Spec ia l  connec to r s ,  wi r ing  techniques,  and c i r c u i t  boards  

Encapsulat ing and  potting compounds - t h e r m a l  cont ro l  
s u r f a c e s  and the rma l  insulat ion dev ices .  

Us ing  digital  TV,  P C M  t e l e m e t r y ,  and common  modulation, 
m u c h  of the SLRV c i r c u i t r y  is composed of low power leve l  digital  
components ,  p r inc ipa l ly  “fl ip-flops.  ” The logic  switching r a t e s  a r e  low,  
s o  tha t  f requency  of switching r e sponse  p r e s e n t s  no p rob lem.  
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A study of exis t ing micromodules  o r  hybrid designs f o r  the 
SLRV c i rcu i t ry  indicates micromodules  p r e s e n t l y  available offered the 
following advantages: 

1 .  Reliabil i ty t e s t  data available 

2 .  Permit flexibility of design s ince c i rcu i t  changes do not 
requi re  m a j o r  tooling changes 

3 .  A high degree  of maintainabili ty 

4. L e s s  c o s t ,  development t i m e ,  and tes t ing  t i m e .  

In s o m e  c a s e s ,  a penalty in  weight and s i z e  must  be accepted 
when using a s t a n d a r d  design r a t h e r  than cus tom o r  hybrid des igns .  
However ,  a weight ana lys i s  indicates  that  the penalty f o r  SLRV is not 
significant.  
T e x a s  Instruments  micrologic  c i rcu i t .  F i v e  m i c r o c i r c u i t s  a r e  shown 
welded together and  potted into a module s i z e  of 0 . 5  in .  x 0 . 5  in  x 0 . 2 5  in.  
Module leads ut i l ize  t a p e r e d  pins interconnected into pr in ted  c i r c u i t  b o a r d s  
as  shown i n  F i g u r e  2 . 2 -  18 (a  and b) . 
the pr in ted  c i rcu i t  b o a r d  f o r  unit a s s e m b l y .  
p e r m i t  integration tes t ing p r i o r  to  so lder ing .  P r e s e n t l y ,  T I  logic 
p o s s e s s e s  the maximum "design maturi ty" ,  and  extensive rel iabi l i ty  
t e s t  data  a r e  avai lable .  
exceeds the t h e r m a l  r e q u i r e m e n t s  f o r  SLRV. 

A typical module is shown in F i g u r e  2 . 2 - 1 7 ( a ) .  This  is a 

The module w i l l  then  be s o l d e r e d  to  
The  use  of t a p e r  pins  w i l l  

The  modules  have been t e s t e d  to  125O C which 

Approximately 75  to 8071 of all  c i r c u i t s  w i l l  u s e  m i c r o m o d u l e s .  
However ,  micromodules  f o r  many appl icat ions a r e  not now avai lable ,  
par t icu lar ly  f o r  high frequency o r  power c i r c u i t r y .  
w i l l  be used f o r  t h e s e  appl icat ions.  
wood module. The s a m e  module s i z e  and f o r m  fac tor  i s  u s e d  and the 
monitoring on the c i rcu i t  b o a r d  r e m a i n s  the  same. 

Cordwood modules  
F i g u r e  2 .2-19  shows a typical  c o r d -  

2 . 2 . 1 1 . 2  Radio Frequency  and Microwave Packaging  

The te lecommunicat ion s u b s y s t e m  u s e s  both VHF and UHF 
c i r c u i t r y .  
and  heavy,  pr inted microwave c i r c u i t  techniques f o r  space  application 
r e s u l t  in size and weight reduct ion and e l e c t r i c a l  p e r f o r m a n c e  that 
c o m p a r e s  favorably with coaxial  techniques.  

Since conventional coaxial  f i t t ings  a n d  components  a re  l a r g e  

With th i s  a p p r o a c h ,  the 

2 -  50 III/ 1 



MYLAR SPACER 

INTEGRATED CIRCUIT 

STY LCAST 

0.50 

I 
WIRE, F L A T  
(0.003 x 0.010) 

CONNECTOR, 
TAPER PIN 

MYLAR SPACER 

INTEGRATED CI 'RCUIT 

CONNECTOR, 
TAPER PIN 

F i g u r e  2. 2- 17(a) Integrated C i rcu i t  Module 

2-51 



BSR 903 
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Figure 2 *  2 -  18(a) Command Rece ive r  Assembly  Ar rangemen t  
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microwave  p r in t ed  c i r cu i t  i s  of planar  f o r m ;  in many ins t ances ,  a n  en t i r e  
c i r cu i t  can  be deposi ted on a s ingle  shee t  of d i e l ec t r i c  m a t e r i a l .  
c i r cu i t  pe r fo rmance  of microwave  pr inted c i r c u i t s  using "s t r ipl ine"  is 
d i scussed  in  Vol 111, Book 2 ,  Section 10. 
in  the command r e c e i v e r  is shown in F i g u r e  2 .2-18  (a and  b) .  
r e c e i v e r  d ip l exe r ,  f i l t e r ,  m i x e r ,  and loca l  o sc i l l a to r  mul t ip l ie r  chain 
a l s o  employ th i s  des ign  technique.  

The 

The  incorpora t ion  of s t r ip l ine  
The  

St r ip l ine  u s e s  copper-clad lamina te  b o a r d s .  It i s  n e c e s s a r y  
that  the  boa rds  have a high d ie lec t r ic  cons tan t ,  low d iss ipa t ion  f ac to r ,  
and  exce l len t  homogeneous p rope r t i e s .  Also ,  a min imum coefficient of 
t h e r m a l  expansion is r e q u i r e d ,  when 80 to  90% of copper  f r o m  one s ide  
of the lamina te  is removed.  Copper c l ad  shee t s  a r e  now avai lable  with 
th ickness  to l e rances  a s  c lose  a s  f 0.002 in.  r e su l t i ng  in a uni form 
d ie l ec t r i c  cons tan t .  In addition, these shee t s  a r e  avai lable  with a ve ry  
small l o s s  tangent  (Renoline P ,  fo r  example,  t a n  
making the des ign  of na r row (1%) In the  c a s e  
where  s i z e  reduct ion i s  a p r i m e  objective while c i r cu i t  l o s s  is re la t ive ly  
unimpor tan t  ( the v a r a c t o r  mul t ip l ie rs  dr iving t h e  T WT and  hybr id) ,  
m a t e r i a l s  with a wide range  of d i e l ec t r i c  constants  can  be pu rchased  
(S tycas t  manufac tured  by the E m e r s o n  and Cunniry Corpora t ion ,  
E ( range)  = 3 to  25 ) .  

= 0.0001 at 10 kMc 
bandpass  filters poss ib l e .  

The  f ab r i ca t ion  of the pr in ted  microwave  circuit is accomp-  
l i shed  by photographic methods .  The d e s i r e d  layout  i s  d rawn  on  my-lar 
at a n  en la rged  s c a l e  (up to  4 to  10 t i m e s  ac tua l  s i z e ) .  A to l e rance  of 
0 .002  in .  is maintained on the m a s t e r  a r t  drawing.  The  c i r c u i t  i s  then 
t r a n s f e r r e d  to  Ruby Studni te ,  a lacquer -coa ted  m y l a r  base  f i lm  f o r  u s e  
with o r tho -ch romat i c  film. Utilizing b l ades ,  the  c i r c u i t  is cut away f r o m  
the Ruby Studnite,  leaving a n  ove r s i zed  c i rcu i t  negat ive.  The  c i r cu i t  is 
then  photographical ly  reduced  to  actual  s i ze  for  e tching.  A l igh t -sens i t ive  
a c i d  r e s i s t a n t  m a t e r i a l  is sp rayed  on the  shee t ,  and  the c i r cu i t  image  is 
t r a n s f e r r e d  f r o m  the pr int ing negative by exposure  to  a n  ul t raviolet  l ight 
s o u r c e .  
e tchant  tha t  e t ches  copper  not pro tec ted  by the ac id  r e s i s t a n t  m a t e r i a l .  
The  e t ched  c i r cu i t  is then  cleaned and  the p r in t ed  boa rd  gold plated.  
Gold plat ing provides  good surface e l e c t r i c a l  conductivity and  a pro tec t ive  
f in i sh .  
t echniques  is shown in the  photographs,  F i g u r e  2 .2 -20 .  
shows the s t r ip l ine  f o r  a m i s s i l e  r e c e i v e r .  
f i l t e r ing ,  and  u l t r a - sens i t i ve  video detect ion.  Note the ind rum sea lwi re  

The  p r in t ed  and developed shee t  p a s s e s  through a ferric chlor ide 

An example  of a microwave p r in t ed  c i r cu i t  and  the packaging 
Photograph  B 

The  c i r u i t  includes diplexing, 
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pro tec t ion  aga ins t  R F I  leakage surrounding the  package and va r ious  
c i r cu i t  cav i t ies .  
Rada r  Homing Sys tem.  
f i l t e r ing ,  low p a s s  f i l t e r ing ,  direct ional  coupler  , m i c r o  min ,  video 
de tec to r s  , i so la ted  DC r e t u r n ,  and maximum envi ronment  packaging 
concepts .  

Photograph  A shows the p r in t ed  c i r cu i t  f r o m  the DPN-61 
The  c i r cu i t  incorpora tes  the  diplexing, bandpass  

2 . 2 .  11 .3  E lec t ron ic  Funct ional  Unit Assembly  

F i g u r e  2 . 2 -  18 (a and  b) show a n  e lec t ronic  functional unit  
a s s e m b l y .  High hea t  diss ipat ion e lements  of the unit a r e  mounted d i rec t ly  
on a t h e r m a l  hea t  s ink o r  p l a t e .  This  p la te ,  in t u r n ,  is mounted on  the  
e l ec t ron ic  compar tmen t  t h e r m a l  plate ( s e e  F i g u r e  2 .2 -21  ( a  and b) .  Af te r  
a s s e m b l y  and  checkout ,  each  functional unit ( t r a n s m i t t e r ,  r e c e i v e r ,  
command p r o c e s s o r ,  e t c . )  w i l l  be  potted with a n  epoxy foam resu l t i ng  in 
a n  in t eg ra l  unit not suscept ib le  to  shock and  vibrat ion.  

2 . 2 .  11.4 E lec t ron ic s  Compar tment  F i n a l  Assembly  

The  e l ec t ron ic s  compar tment  cons i s t s  of a t h e r m a l  cont ro l  
s u r f a c e  to  which all e l ec t ron ic  functional un i t s  a r e  mounted.  A t h e r m a l  
box with super - insu la t ion  completely e n c l o s e s  the  four  s ides  and bottom 
c?f the e l ec t ron ic s  compar tmen t .  (See F i g u r e  2 .2 -2  1 ( a  and b). The 
s u p e r  - insulat ion m a t e r i a l  i s  manufactured by Union Carb ide ,  Lincie 
Divis ion,  and  cons i s t s  of multiple l aye r s  of a luminum foil .  
technique i s  u s e d  on theTV subsys tem desc r ibed  e l sewhere .  
insulat ion on the  e l ec t ron ic s  compar tment  i so la tes  the  compar tmen t  f r o m  
the rest  of the  SLRV s t r u c t u r e  and  p e r m i t s  all t h e r m a l  cont ro l  t o  be 
accompl ished  by the design of the t h e r m a l  p l a t e .  

A s i m i l a r  
The  

Interconnect ion between functional uni ts  i n  the e l ec t ron ic s  
compar tmen t  wi l l  be made by a multiple l a y e r  tape  cable  h a r n e s s .  
cab le  h a r n e s s  w i l l  be e i ther  so ldered  ( o r ,  pe rhaps  welded) i n  p lace  at 
e a c h  functional unit .  

This  

When the interconnections have been  made  in the e l ec t ron ic s  
c o m p a r t m e n t ,  the compar tmen t  could be potted with a low dens i ty  epoxy 
foam to  r educe  the "oil canning" effect .  The  u s e  of o v e r - a l l  foaming i s  
opt ional ,  depending on weight,  vibrat ion,  and  maintainabi l i ty  t rade-of fs  
du r ing  P h a s e  11. 
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2 . 2 .  11. 5 TV Elec t ron ic s  Packaging 

The TV e lec t ron ic s  package cons i s t s  of four  functional modules  
and a n  interconnect ion m a t r i x :  

1. 

2. 

3 .  

4. 

5. 

D/A conver t e r  and deflection a m p l i f i e r s  

Encoder ,  sync gene ra to r ,  two br idge a m p l i f i e r s  

R o b e r t s  gene ra to r ,  H and V sweeps  and cont ro ls  

Power  supply,  video a m p ,  threshold  and gain controls  
module 

Interconnect ion m a t r i x .  

Each module is completely functional and  can  be tes ted  inde- 
pendently of the o ther  e l ec t ron ic s .  

The technique employed in  the packaging of the TV e l ec t ron ic s  
is r a t h e r  unique in  that it i nco rpora t e s  the flexibil i ty of pr in ted  c i r cu i t ry  
with the option of so lder ing  o r  welding. 
a l m o s t  en t i re ly  of in tegra ted  c i r cu i t s  f r o m  s e v e r a l  m a j o r  vendors ,  v i z . ,  
Signet ics ,  Genera l  Ins t rument ,  and Texas  Ins t rument .  T h e s e  m i c r o -  
e l ec t ron ic  packages a l l  have a common lead  breakout  of 50 thousandths on 
cen te r .  
concept;  i. e . ,  the pr inted c i r c u i t  l amina te  cons i s t s  of a base  m a t e r i a l  
tha t  has  been per fora ted  with 25  thousandths s q u a r e  holes  ove r  its en t i r e  
su r face  p r io r  to laminat ion.  This concept  is shown in  F i g u r e  2. 2-22. 

The  e l ec t ron ic s  w i l l  be compr i sed  

This fea ture  of the components p e r m i t s  the proposed  packaging 

The pr inted c i r cu i t  is designed a round  the g r i d  s t r u c t u r e .  After 
the c i r c u i t  is e tched,  a tool made  to the shape  of the individual m i c r o c i r c u i t s  
tha t  w i l l  be employed is in se r t ed  in  the g r i d  s t r u c t u r e  which tu rns  up the 
end of the etched c i r cu i t  providing a 25 thousandths t ab  on the conductor ' s  
s ide  of the printed board.  The  component l eads  a r e  p r e f o r m e d  to fit the 
g r id  s t ruc tu re .  The components a r e  ins ta l led  and the 1 eads  so lde red  o r  
welded to the 25 thousandths tab.  

Circui t  functions that  cons i s t  of m o r e  than  one etched c i r c u i t  
board will  be joined by r i s e r  w i r e s  i n s e r t e d  in s l o t s  a round  the outer  
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periphery;  this technique w i l l  provide a lightweight m e a n s  of i n t e r  s tage 
interconnections and a l s o  a m e a n s  of using voids c a u s e d  by i r r e g u l a r  
shaped components. 
components will  i n t e r m e s h  with voids on  the adjacent  panel. 
reduce considerably the o v e r - a l l  package volume. 

Layouts of the etched panels a r e  such tha t  protruding 
This  will  

Each functional e tched panel a s s e m b l y  will  have a flat ribbon 
type etched cable  attached. 
forming e lec t r ica l  t e s t s  at module leve l  and a l s o  prevent  damage  due to 
probing o r  a t tachment  of leads  during t e s t  ( F i g u r e  2. 2-23).  At the final 
integration of the e lec t ronics  into the c a m e r a  s t r u c t u r e ,  the ribbon cables  
will  be attached to a wir ing m a t r i x .  This  lightweight m a t r i x  is located at 
the r e a r  of the vidicon tube providing e a s y  a c c e s s  for  wir ing.  This  con- 
cept  e l iminates  the need for  connectors  o r  i n t e r s t a g e  cabling, enhancing 
the over -a l l  re l iabi l i ty  while reducing the weight considerably.  

This  will  provide a n  efficient m e a n s  of p e r -  

The module s i z e  and  configurations w e r e  se lec ted  s o  as to ob- 
ta in  the maximum u s e  of voids caused  by i r r e g u l a r  shaped components i n  
the c a m e r a ,  such  as  the opt ical  t r a i n s ,  vidicon, d r i v e  and cont ro l  m o t o r s ,  
which have r e s t r i c t i o n s  in  placement  due to t h e i r  mechanica l  functions.  
This technique not only of fe rs  minimum o v e r - a l l  volume and  m i n i m u m  
weight, but a l s o  provides  a var iab le  m e a n s  of compensat ing weight and  
balance enhancing o v e r - a l l  s y s t e m  flexibility ( F i g u r e  2 .  2-24) .  

Module T e m p e r a t u r e  Control  Considerat ions 

Large  areas of conductor foil  will  be  r e t a i n e d  ad jacent  to 
high hea t  dissipating components and will  extend to the o u t e r  edge of the 
etched panel boards.  
slotted meta l  s t r u c t u r e  providing a low r e s i s t a n c e  path f o r  h e a t  t r a n s f e r .  

The  etched panel b o a r d s  will  be i n s e r t e d  into a 

Moisture and Handling Considerat ions 

A f t e r  inspection, the as s e m b l e d  modules  will  be covered  
with a protective coating that  will  provide a m o i s t u r e  b a r r i e r ,  mechanica l  
bond, and a n  improved  t h e r m a l  path. I t  wi l l  a l s o  prevent  contamination 
o r  damage  due to handling. 
Raytheon on modules that m u s t  be tes ted  under  e x t r e m e  conditions p r i o r  
to potting. 
operat ions can be completely el iminated providing f u r t h e r  reduct ion in  the 
over -a l l  weight. 

This  technique is present ly  being used by 

By applying s e v e r a l  l a y e r s  of this  coat ing,  subsequent  potting 
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2. 3 MOBILITY 

2. 3 .  1 Descript ion 

The p r e l i m i n a r y  des ign  is a four - t racked  vehicle  with s y m m e t r i c a l  
floating pivot a r t icu la ted  body. 
speed  control  of the t rac t ion  m o t o r s .  
powered a t  the rim. 

Steer ing i s  accompl ished  by different ia l  
The t r a c k s  are individually 

The d r ive  mechan i sm util izes a he rme t i ca l ly  sea led  DC torque 
moto r  a t tached to a nutator  t ransmiss ion .  

Subsys tem p r e l i m i n a r y  design p a r a m e t e r s  and cha rac t e r i s t i c s  
a r e  s u m m a r i z e d  below: 

1. 

2. 

Vehicle Ar rangemen t :  

a. No. of t r a c k s  - 4 
b. Floating pivot ar t iculated chass i s  
c. T r a c k  b a s e  - 30 in. ( c e n t e r  t o  center )  
d. T r a c k  span  - 25 in. ( c e n t e r  to  center )  
e. Under c a r r i a g e  clearance - 10. 75 in. 

T r a c k s  

T r a c k s  cons is t  of a p r e s t r e s s e d  m e t a l  r i m ,  cove red  with 
a foamed  s i l icon rubbe r  t r e a d ,  wrapped on one powered wheel and one 
id le r .  

a .  T r e a d  width - 3 in. 
b. Powered  hub d i ame te r  - 5 in. 
c. Idler  hub d i ame te r  - 5 in. 
d. 
e. P r e f o r m e d  radius  of r i m  - 3 in. 
f. T r e a d  thickness  - 1 / 4  in. (not including m e t a l  r im)  

Length between center of id le r  and power hubs - 18 in. 

2. 3 .  2 S teer ing  and Mobility Control 

S teer ing  will  be accomplished by relat ive rotat ion of the two 
vehicle  s egmen t s  about a floating pivot point and executed by means  of 
t o rque  developed by d i f fe ren t ia l  speed control of the t rac t ion  moto r s .  

III/ 1 
2-65  



B S R  903  

Other  cha rac t e r  i s  t i c s  follow : 

Mode of Control  - "bang-bang' '  

Steady-state  s t ee r ing  conditions - (a )  s t r a igh t  ahead  
(b)  ha rd  r ight  
( c )  h a r d  le f t  

Vehicle nominal t u rn  rad ius  is 60 in. to  the center  of body. 

A lock mechan i sm has  been provided in o r d e r  to lock the 
vehicle in the s t ra ight  ahead,  h a r d  r ight ,  and h a r d  lef t  positions. 

The control r equ i r emen t s  for  the S L R V  t rac t ion  d r ive  
mechanism (TDM) have been  establ ished a s  follows : 

1. 
l imi t  of 220 in. - o z .  
shut down, and will  r equ i r e  a n  e a r t h  command to reac t iva te  it. 

Each  TDM shal l  be capable of operat ing up to a torque 
At this  torque,  the TDM will  be  automatical ly  

2. The s u m  of the powers  being consumed by the four  TDMs 
will be l imited to 8 wat ts .  If the 8 watt  total  i s  exceeded ,  the vehicle 
will be automatically shut down and r equ i r e  a n  e a r t h  command to 
reac t iva te  it. 

3 .  F i g u r e  2: 13, Section 2 ,  Book 2 ,  shows operat ional  c.onditions of S L R V  
TDMs. The control  s y s t e m  will  provide fo r  t h ree  constant '  vehicle  speeds  
which m a y  be commanded f r o m  the ear th .  These  speeds  ( r e f e r r e d  to 
a s  N1, N2,  N3) a r e  a s  follows: 

N1 = 0. 16 mph 

Normal  operat ing speed  of S L R V  when i t  i s  on flat  and re la t ive ly  
smoo th  sur faces ,  or  up s lopes  on h a r d  su r faces .  
s teady  s ta te  turn.  

Highes t  speed  of 

N2 = 0. 105 mph 

Alternative operat ional  speed  f o r  rough s u r f a c e  operation. 
Lowest  speed of s teady s ta te  turn.  
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N3 = 0 . 0 3  mph 

C r e e p e r  speed  for  climbing l a rge  obstacles .  

Mobility control  w i l l  cons is t  of vehicle  s e n s o r s ,  logic ,  and 
power control  e lec t ronics  to  control  individual t rac t ion  m o t o r s  and the 
vehicle s t ee r ing  lock. 
mobili ty control  subsys  t em a r e  l i s t ed  below: 

The input and output r equ i r emen t s  of the 

A. 

B. 

C. 

D. 

E .  

E a r t h  Command Inputs to  Mobility Control 

1. F o r w a r d  
2. R e v e r s e  

4. Straight  
5. Right 
6. Left  

3. s t o p  

Vehicle Feedback  Inputs 

1. Vehicle Speed 
2. Straight  Ahead 
3. Hard  Right 
4. Hard  Left  
5. Speed - T r a c k  i 

7. 
8. 
9. 

10. 
11. 

6. 
7. 
8. 
9. 

Speed 
Abort  T r a c k  1 
Abort  T r a c k  2 
Abort  T r a c k  3 
Abort  T r a c k  4 

Speed - T r a c k  2 
Speed - T r a c k  3 
Speed - T r a c k  4 
Steer ing Pos i t ion  

Outputs f r o m  Mobility Control to Power  T r a n s m i s s i o n  

1. Power  - T r a c k  1 5. Direct ion - T r a c k  1 
2. Power  - T r a c k  2 6. Direct ion - T r a c k  2 
3 .  P o w e r  - T r a c k  3 7. Direct ion - T r a c k  3 
4. P o w e r  - T r a c k 4  8. Direct ion - T r a c k  4 

Outputs f r o m  Mobility Control to T e l e m e t r y  

1-4 - Abort  T r a c k  1 ,  2,  3 ,  o r  4 

Outputs f r o m  Mobility Control to Vehicle C h a s s i s  Lock 

1. Lock  2. Unlock 
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2. 3 .  3 Trac t ion  Dr ive  Mechanism 

The t r ac t ion  d r ive  mechan i sm includes a DC torque moto r  and 
nuta tor  t r ansmiss ion .  
"free-wheeling" capabi l i ty  in the event of fa i lure .  Also,  veloci ty  
feedback provis ions  yield information to  the  s t ee r ing  a r r angemen t .  
Lubr ica t ion  and t h e r m a l  design a r e  ta i lored  to  the luna r  environment .  

A decoupling mechan i sm i s  included to  provide 

The  ove ra l l  t r ac t ion  mechan i sm shown in  F i g u r e  2. 2-16 (a and b )  
is compr ised  of the following e l emen t s :  

1. A low speed ,  high torque DC commutated m o t o r  (Inland 
type- 1321).  

2. A nutator  t r a n s m i s s i o n  with a g e a r  reduct ion of 87/1.  The 
flexibile m e m b e r  of the nutator  i s  a bellows which a l s o  acts as a 
he rme t i c  s ea l .  

3.  The s t r u c t u r e  of the t r ac t ion  d r i v e  contains the suppor t  
bea r ing  for  the t r a c k  r o l l e r s  and a shield to  p ro tec t  this  bea r ing  and 
the final gea r  f r o m  dus t  o r  o ther  contamination. 

4. Interposed on a nonrotat ing m e m b e r  of the nutator  d r i v e  
i s  a n  explosive ac tua tor  which, when exci ted f r o m  a n  ex te rna l  s o u r c e ,  
will  permanent ly  decouple the output m e m b e r  of the t r a n s m i s s i o n  f r o m  
the d r i v e  l ine.  

5. Braking  o r  parking capabi l i ty  is inherent ly  provided by 
r e s idua l  f r ic t ion torque i n  the D C  m o t o r  and t r a n s m i s s i o n  re f lec ted  
through the ove r -a l l  t r a n s m i s s i o n  ra t io .  

6 .  The he rme t i c  chamber  i s  p r e s s u r i z e d  with a n  a r t i f i ca l  
a tmosphere  (approximate ly  1 ps i a ) ,  and all m e m b e r s  in  this  c h a m b e r  
a r e  prelubricated.  
conductor to improve  heat  t r a n s f e r  c h a r a c t e r i s t i c s .  

The p r e s s u r i z e d  gas  wil l  a l s o  function as a t h e r m a l  

7. 
Vers i lube  G-300 s i l icone g r e a s e ;  they are  a l s o  t r e a t e d  with d r y  f i lm  
lubr icants .  

The  f inal  reduct ion g e a r s  and  b e a r i n g s  are  lub r i ca t ed  with 
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2 .4  STRUCTURES 

2. 4. 1 Descr ip t ion  

The p r i m a r y  s t r u c t u r e  m e e t s  the objectives of re l iab i l i ty ,  high 
s t rength-  to-weight r a t io ,  and maximum s t r u c t u r a l  damping. The 
s t r u c t u r e  i s  a tubular  t r u s s  m a d e  p r i m a r i l y  f r o m  2024-T4 aluminum. 
Squa re  tubing is used  throughout to facil i tate mounting of equipment.  
The tubes a r e  joined by r ivet ing,  ra ther  than welding, t o  inc rease  
the s t r u c t u r a l  damping. F i g u r e s  2. 2-13 show the ove r -a l l  s t r u c t u r e  
design. 

2. 4. 2 Ma te r i a l  Studies 

Mater ia l s  f o r  the vehicle s t ruc tu re  have been  se lec ted  p r i m a r i l y  
on the b a s i s  of s t rength- to-weight  ra t io  and fabricat ion ease .  
s ta ted  previously,  a luminum has been se lec ted  fo r  this  purpose.  To  
avoid the possibi l i ty  of cold welding in the floating pivot, a coating of 
a luminum oxide will be used  on the c i r cu la r  s egmen t s  aga ins t  which the 
joint s t r a p s  a r e  res t ing.  
subst i tuted for  the a luminum oxide if this a p p e a r s  des i r ab le  based  on 
cold welding s tudies  now in p rogres s .  

As 

Teflon or other similar m a t e r i a l s  m a y  be 

The  deployment  subsys t em ( s e e  F i g u r e  2. 2-16 (a and b) p e r f o r m s  
the following functions : 

1. Supports  the SLRV within the Surveyor  during t r a n s i t ,  within 
the p r e s c r i b e d  volume and the cg location, with minimum modifications 
to be b a s i c  Surveyor  bus.  

2. P rov ides  a t h e r m a l  radiation shield to min imize  radiat ive 
hea t  t r a n s f e r  between SLRV and Surveyor. 

3 .  Prov ides  auxi l ia ry  support  for the SLRV s t r u t s  and t r a c k s ;  
th i s  suppor t  will be removed on command p r i o r  to deployment.  

4. Deploy the SLRV on rece ip t  of e a r t h  command.  

5. Re lease  the tiedowns of the T V  c a m e r a  and antennas which hold 
t h e m  in  the stowed posit ion during t ransi t .  
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The SLRV deployment  sequence a f t e r  Surveyor  has  landed on the 
moon i s  a s  follows: 

1. Unfasten the s t r u t  tiedown mechan i sm and TDA locks.  The 
mechanism wi l l  fall f r e e  of the SLRV and Surveyor .  

2. Disconnect  the upper  two connec tors ;  vehicle  will then be  
fo rced  by spr ings  to ro ta te  about lower  support  hinge. 
disconnect completely f r o m  the Surveyor  at a nominal  posit ion of 30' 
between the x-axis  of SLRV and the local  horizontal .  

The vehicle will 

3. Concur ren t  with 2. above, the s t ee rab le  antenna will be 
disconnected a t  the tiedown a d  then will  par t ia l ly  e r e c t  p r i o r  to the 
vehicle contacting the luna r  surface.  

4. Disconnect  the TV tiedown and whip antennas tiedowns. 

5. Under ce r t a in  conditions,  the vehicle has  to be moved a 
min ima l  dis tance (on the o r d e r  of 1 m e t e r )  away f r o m  Surveyor  be fo re  
completing e rec t ion  of the s t ee rab le  antenna. The  vehicle is now fully 
deployed. 

2 . 6  FOLDING AND ERECTION MECHANISMS 

Due to  stowage space  l imitat ions and s e v e r e  vibrat ional  envi ronment ,  
it i s  n e c e s s a r y  to fold and t ie  down such  i t e m s  as the TV c a m e r a  and 
s t ee rab le  antenna during flight and then r e l e a s e  and e r e c t  them a f t e r  
lunar  landing and SLRV deployment.  

2 .6 .  1 TV C a m e r a  E r e c t i o n  and Support  S t ruc tu re  

The TV c a m e r a  subsys t em connects  to a suppor t  m a s t  which 
a t taches  to a spr ing- loaded  pivot joint posit ioned as shown in F i g u r e  2. 2-1. 
The s t ruc tu ra l  r e q u i r e m e n t s  demanded by the L R V  acce le ra t ion ,  
vibrat ion,  and t h e r m a l  envi ronments  a r e  sa t i s f ied  by a c a m e r a  m a s t  
of 2 3/8.in. d i a m e t e r  0..005-in. gauge s t a in l e s s  s t e e l  tubing about which 
i s  wound a 0. 025-in. thick l aye r  of phenolic f ibe rg la s s .  

During flight this  a s s e m b l y  is folded and la tched  n e a r  the TV 
c a m e r a  to a stowage fi t t ing on the SLRV. 
i s  withdrawn, the power sp r ing  in the pivot joint  r a i s e s  the c a m e r a  m a s t  

When the explosive la tch  pin 
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with a spr ing  r a t e  of 12 in. - l b / r a d .  
deflection of 6 5 O .  
to  a velocity of 3 r a d / s e c  a t  the e rec ted  position. 
posit ion is obtained, a locking mechanism prevents  fu r the r  motion. The 
3 r a d / s e c  angular  r a t e  does not c r ea t e  enough torque to  upset  the SLRV. 

The spr ing  is  pre loaded  to  a n  angular  
This  s to red  ene rgy  will acce l e ra t e  the c a m e r a  m a s t  

Once the e rec t ed  

2. 6. 2 S teerable  Antenna Erec t ion  and Support  S t ruc tu re  

The antenna support  m a s t  mus t  be capable of surviving the 
SLRV acce le ra t ion  and vibrat ion environment.  
by a 0. 016-in. thick a luminum tube 1 inch in d i a m e t e r  wrapped  with 
0. 030-in. thick phenolic f iberg lass .  
a pivot at the r e a r  of the SLRV a t  one end and to the housing for  the 
antenna ro l l  gimbal  d r ive  mechan i sm a t  the other .  
to the moon,  a tiedown lug attached near the antenna cen te r  of mass 
connects to the vehicle.  
confines the l a t e r a l  motion of the m a s t  while stowed. Ver t ica l  motion 
is min imized  by pre- loading the m a s t  in the stowed position. 
mechan i sm r a i s e s  i t  to the final position in a two-step sequence. 
the final position, a posit ive lock secu res  the mas t .  

This  is accompl ished  

The support  m a s t  is  a t tached to 

During t r a n s i t  

A cradle-bracke t  a t  the top of the vehicle 

A spr ing  
At 

As the SLRV leaves  Surveyor ,  the antenna will  b e  par t ia l ly  
e levated and stopped n e a r  the top of the vehicle.  Delaying full antenna 
deployrrierit with t h e  intermediate stop will p revent  damage  to  the 
antenna which could occur  i f  the vehicle landed with the antenna in the 
s towed posit ion; i t  a l so  e l imina tes  the possibi l i ty  of antenna damage 
due to s t r ik ing  Surveyor .  The  tiedown lug and the in te rmedia te  s top 
will  be  s e c u r e d  with explosive la tch  pins. When these  l a t ch  pins a r e  
withdrawn,  s t o r e d  ene rgy  in the power spr ing  (8 in. - l b / r a d . ,  preloaded 
300) will  r a i s e  the antenna. 

To  avoid excess ive  momentum f r o m  overturning the vehicle,  
a snubber  has  been  added to diss ipate  ene rgy  over  the l a s t  5 0  of t rave l .  
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2 . 7  PENETROMETER 

2. 7. 1 Description 

The p e n e t r o m e t e r  subsys tem is shown schemat ica l ly  in  F i g u r e  
The h e a r t  of the p e n e t r o m e t e r  2. 2-16 and physically in F i g u r e  2. 7-1. 

mechanism is a p r e f o r m e d ,  longitudinally sp l i t ,  thin-walled tube which 
is flattened and rol led on a spool f o r  s t o r a g e  with a minimum expenditure 
of weight and space .  The conical  pene t rometer  point a t tached  to  the tube 
c a r r i e s  a load c e l l  to  m e a s u r e  the f o r c e  r e q u i r e d  to  dr ive  the probe  into 
the lunar  soi l .  
of tube which is payed out at any point in  the penetrat ion p r o c e s s .  
pene t rometer  h a s  been designed in  accordance  with the S L R V  design 
requirement  t o  m e a s u r e  f o r c e  v e r s u s  penetrat ion t o  a depth of 50 c m  in  a 
s o i l  having a gradient  of 8 p s i  p e r  f t .  

The penetrat ion depth is m e a s u r e d  by record ing  the amount  
The 

The tube is dr iven by a s e t  of f r i c t i o n  dr ive  r o l l s  which a re  powered 
through a spur  g e a r  t r a i n  by a s m a l l  permanent  magnet  DC m o t o r .  The  
tube is s tored  in i t s  f lattened s ta te  by winding i t  on a tube s t o r a g e  d r u m  
which is tensioned by a negator m o t o r  dr ive .  The  payout of the tube is  
moni tored  by an  angular  potent iometer  which s e n s e s  the rotat ion of the 
tube s torage  d r u m .  
rotation of the potent iometer  to  l e s s  than one t u r n  f o r  the e n t i r e  t r a v e l  
of the tube ( i .  e . ,  76 c m ) .  
switches which cont ro l  the extended and r e t r a c t e d  posi t ions of the pene t ro-  
m e t e r  probe. The lead w i r e s  to  the load c e l l  a re  s t o r e d  on a second d r u m  
a l s o  dr iven by a lightweight negator m o t o r .  The p e n e t r o m e t e r  o p e r a t e s  
upon command with automatic  cont ro ls  t o  limit extension,  r e t r a c t i o n ,  and  
overload. An overload l imit  switch mounted in  the load c e l l  r e v e r s e s  the 
m o t o r  and  r e t r a c t s  the tube in the event that  a 10-lb p e n e t r o m e t e r  load 
is exceeded. 

A w o r m  g e a r  is employed t o  reduce the angular  

C a m s  mounted on the w o r m  g e a r  ac t iva te  limit 

2. 7.  2 Operation 

Upon rece ip t  of the appropr ia te  c o m m a n d  s ignal ,  the p e n e t r o m e t e r  
mechanism wil l  be act ivated,  and  the probe  tube wi l l  be pro jec ted  f r o m  
the vehicle and into the soi l .  A s  the probe  p e n e t r a t e s  the so i l ,  the load 
c e l l  wil l  sense  the point of contact ,  a n d  the  payout po ten t iometer  wi l l  
r e c o r d  the depth of penetrat ion.  At a depth of 20 i n . ,  a l imi t  s igna l  is 
genera ted  which automatical ly  withdraws the p r o b e  unt i l  a second l imi t  
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s igna l  is genera ted  and  the probe  s tops within the envelope dimensions of 
the mechanism.  
is provided within the load sensing point t o  withdraw the probe  in  the 
event of a n  overload s o  as t o  prevent  damage t o  the probe o r  tipping of 
the vehicle.  

A safety fac tor  i n  the f o r m  of a p r e d e t e r m i n e d  load sett ing 

The r a t e  of penetrat ion and  r e t r a c t i o n  wi l l  be 1/ 2 in.  / s e c .  

2. 7. 3 Interface Definition 

The following in te r faces  ex is t  between the p e n e t r o m e t e r  subsys tem 
a n d  the S L R V  o r  the ground cont ro l  s ta t ion.  

2. 7. 3 .  1 Command Signal 

The command s igna l  r e q u i r e d  to  init iate a s ingle  phase  of o p e r -  
ation of the p e n e t r o m e t e r  wil l  be a 28-volt positive-going pulse  with a 
t i m e  duration of 10 mil l iseconds o r  g r e a t e r .  Two o t h e r  c o m m a n d  pulses  
wil l  be necessary ;  one to  provide a n  o v e r r i d e  s igna l  t o  s top  and r e t r a c t  
the probe during the operat ion cycle ,  and another  to  ini t ia te  the explosive 
c h a r g e  destroying the tube in  c a s e  of hang-up. 

2. 7. 3 .  2 Voltage 

The p e n e t r o m e t e r  mechanism r e q u i r e s  two voltage suppl ies :  
one 28-volt supply f o r  the DC m o t o r ,  a n d  one regulated 6-volt supply f o r  
the instrumentat ion and  cont ro l  c i r c u i t s .  

2. 7. 3 .  3 Mechanical 

The p e n e t r o m e t e r  package s i z e  is 5-  1/ 2 in .  wide by 4 - 7 /  16 in.  
The p e n e t r o m e t e r  is  designed t o  r e s t  on the bottom deep by 8 in.  high. 

of the electronics  c o m p a r t m e n t  and  be fas tened  t o  the top plate  of the 
compar tment .  A 0 .  825-in. d i a m e t e r  hole is provided i n  the bottom of the 
compar tment  to p e r m i t  p a s s a g e  of the p r o b e  tube. 
approximately on the center l ine  of the p e n e t r o m e t e r  package a n d  n e a r  the 
c e n t e r  of gravi ty  of the vehicle .  

This  hole location is 

2. 7. 3 . 4  D a t a  T r a n s m i s s i o n  

The load and d isp lacement  s igna ls  g e n e r a t e d  by the p e n e t r o m e t e r  
a r e  sampled a t  a r a t e  of 21 readings p e r  second f o r  each  analog s ignal .  
The required a c c u r a c y  f o r  data  t r a n s m i s s i o n  is 1 / 2  of 1 p e r c e n t  f o r  both 
analog s i g n a l s .  
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2. 7.  4 P h y s i c a l  C h a r a c t e r i s t i c s  and  Constraints  

T h e  physical  c h a r a c t e r i s t i c s  of the p e n e t r o m e t e r  subsys tem s h a l l  
be as follows: 

2. 7 . 4 .  1 Size 

The maximum envelope dimensions f o r  the p e n e t r o m e t e r  and  
re la ted  e lec t ronic  equipment sha l l  be 5 -  1/ 2 in. x 4 - 7 /  16 in. x 8 in .  

2. 7 .  4. 2 Weight 

The p e n e t r o m e t e r  weight a s  a design goal  s h a l l  not exceed  
2. 75 lb .  

2. 7 .  4. 3 P o w e r  

The  power requi rements  of the mechanism to fulfill the s o i l  
m e a s u r e m e n t  function s h a l l  not exceed 5 t o  6 wat ts .  
a re  difficult to pred ic t  a c c u r a t e l y  since they depend on f r ic t iona l  e f fec ts .  
The power r e q u i r e d  f o r  penetrat ion into the s o i l  is approximately 0. 6 
wat t .  

Exac t  power levels  

The r e m a i n d e r  of the power is a s s o c i a t e d  with f r ic t iona l  l o s s e s .  

2. 7 . 4 . 4  Vehicle Cons t ra in ts  

The  SLRV p e n e t r o m e t e r  will to le ra te  s ide  loads up to  2 lb in  the 
fully extended condition. To avoid damage to the p e n e t r o m e t e r ,  the 
roving vehicle m u s t  be r e s t r i c t e d  t o  s lopes  which wil l  not p e r m i t  a 2-lb 
s i d e  load to  develop (approximately)  8 O  on a z e r o  fr ic t ion s u r f a c e ) .  

2. 8 NAVIGATION 

T h e  navigation subsys tem is compr ised  of a n  inc l inometer ,  a s o l a r  
a s p e c t ,  an  R F  ranging unit ,and a n  odometer .  The te levis ion c a m e r a  is 
a l s o  u s e d  f o r  navigation purposes  but i s  not a n  explicit  port ion of the 
navigation s u b s y s t e m .  

2. 8. 1 Incl inometer  

The  inc l inometer  is u s e d  to s e n s e  deviations f r o m  the loca l  
v e r t i c a l  of the SLRV pitch a n d  r o l l  a x e s .  This  information is u s e d  f o r  
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t ransformat ion  of the s o l a r  aspec t  s e n s o r  m e a s u r e m e n t s  to  the local  
re ference  plane and to provide s u r f a c e  s lope m e a s u r e m e n t s .  
of 10 arc-minutes on the lunar  s u r f a c e  is r e q u i r e d  f o r  each body axis 
m e a s u r e m e n t  in both s ta t ic  and dynamic conditions. 
is compr ised  of two l inear  a c c e l e r o m e t e r s  mounted about the vehicle 
pitch and ro l l  axes .  
ating a floated pendulous gimbal  with ins t rument  bal l  bear ing suspension 
and wide range microsyn-type pickoff. 

An a c c u r a c y  

The  incl inometer  

Each  a c c e l e r o m e t e r  is a n  open-loop device i n c o r p o r -  

E a c h  incl inometer  is c o m p r i s e d  of two a c c e l e r o m e t e r s  and a s s o c i -  
a t e d  e lec t ronics .  

The act ive range  of each a c c e l e r o m e t e r  is t 30° on the lunar  
sur face .  
is provided. 
one c p s ,  and the anticipated damping is 0. 7 of the c r i t i c a l  value.  
incl inometer  output s igna l  has  a range of 0 to 5 VDC corresponding to the 
t 30° range. 
inches and weigh 20 g r a m s .  
total  power input is 1. 76 w a t t s  at 28 VDC. 

A m e a s u r e m e n t  a c c u r a c y  of 10 arc-minutes  o v e r  a + 1 5 O  range 
The a c c e l e r o m e t e r  na tura l  f requency has  been se lec ted  a t  

E a c h  

The complete  two-axis unit e lec t ronics  occupy 2 cubic 
The total  incl inometer  weight is 1. 0 1b; 

2 .  8. 2 Solar Aspec t  Sensor  

The s o l a r  a s p e c t  s e n s o r  is the p r i m a r y  s e n s o r  for  the vehicle  
azimuth.  
sens ing  heads and a s s o c i a t e d  e lec t ronics .  Each  sensing head  employs 
dual  re t ic le  detection e lements  to  encode the s o l a r  az imuth  and  elevation 
l ines into eight leve ls ,  providing 1 / 2 O  resolut ion in s o l a r  az imuth  and 
elevation. At binary code c r o s s i n g s ,  a n  a c c u r a c y  of & 1 / 4 O  is achieved.  
The f o u r  sensing heads  a r e  a r r a n g e d  such  that complete  coverage  of the 
hemisphere  is provided. 
in two 8-bit  buffer  r e g i s t e r s .  
identification c e l l  f o r  coding of the s o l a r  m e a s u r e m e n t s  to  a p a r t i c u l a r  
head. 
power requi red  i s  295 mil l iwat ts .  

The digital  device which h a s  been s e l e c t e d  is c o m p r i s e d  of f o u r  

Data a r e  p r e s e n t e d  in  p a r a l l e l  f o r m  continuously 
Each  de tec tor  head  i n c o r p o r a t e s  a n  

Total  sun  s e n s o r  weight is approximate ly  2 - 1 / 4  lb. The  total  

2 .  8. 3 RF Ranging Unit 

An R F  ranging unit employing a n  ac t ive  t ransponder  on the 
Surveyor  s p a c e c r a f t  is u s e d  to provide continuous range information 
between SLRV and Surveyor .  The ranging function is p e r f o r m e d  using 
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i n t e r f e r o m e t e r y .  
used to f requency modulate a VHF c a r r i e r  a t  145 Mc.  
with az imutha l  pa t te rn  s y m m e t r y  is used as the SLRV r a d i a t o r .  
s ignal  is  rece ived  a t  the Surveyor  with another  whip antenna and is 
t rans la ted  to 125 Mc.  
through the Surveyor  whip with the aid of a diplexer .  
rece ived  a t  the SLRV is separa ted  from the t r a n s m i t t e d  s ignal  by another  
diplexer  and demodulated by a limiting I F  s t r i p  and d i s c r i m i n a t o r ,  
producing 80-kc and 2-Mc baseband outputs. 
two s igna ls  with appropr ia te  c r y s t a l  r e f e r e n c e s  produce a n  output 
proport ional  to range .  
range m e a s u r e m e n t s  to within f 1 m e t e r .  

Two C W  low frequency s ignals  of 80 kc and  2 Mc a r e  
A v e r t i c a l  whip 

The 

The 125-Mc signal is r e t r a n s m i t t e d  to  the SLRV 
T h e  125-Mc signal  

P h a s e  c o m p a r i s o n  of these  

P h a s e  detection a c c u r a c y  is sufficient to provide 

2. 8 . 4  Odometer  

The odometer  is basical ly  a "fifth wheel" with a 5. 75-in. d i a m e t e r  
and  1. 0-in.  width. It is a t tached to the outside c e n t e r  of one of the four 
t rac t ion  dr ives  by m e a n s  of a leaf spr ing.  
apply a slight p r e s s u r e  on the odometer to e n s u r e  contact  with a rough 
s u r f a c e .  
odometer  wheel. 
18 t i m e s  p e r  revolution o r  e v e r y  2 .55  c m  of vehicle t r a v e l .  
p ~ l s e s  a r e  used  to s t e p  a shift  r e g i s t e r  which in t u r n  is in te r roga ted  
6 t i m e s / s e c  by the t e l e m e t r y  subsystem. 
by command f r o m  the ground control ler .  

The leaf spr ing  is u s e d  to 

Trave l led  dis tance is m e a s u r e d  by counting revolutions of the 
This  is accomplished with a r e e d  switch which pulses  

T h e s e  

The r e g i s t e r  m a y  L e  i-eset 
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2 . 9  CONTROL AND DISPLAY 

The SLRV i s  r emote ly  control led f r o m  the ground by a vehicle  o p e r a -  
t o r .  The ope ra to r  is  located at the ground command /d i sp lay  console  i n  a 
r e a l  -time c losed- loop  m a n n e r .  
(STOP-GO) fashion. At any  pa r t i cu la r  stopping point,  one o r  m o r e  video 
p i c tu re s  of the immedia t e  foregound a r e  taken for  the o p e r a t o r ' s  benefi t .  
In te rpre t ing  these  p i c t u r e s  with r e s p e c t  t o  his o v e r a l l  s h o r t  t e r m  and  long 
t e r m  object ives ,  the ope ra to r  s e l e c t s  a tentat ive path for  the next t r a v e l  
s t e p  of 3 m e t e r s  o r  l e s s .  Auxil iary symbol s  supe r imposed  on the  TV p ic -  
t u r e  indicate the r e l a t ive  geomet ry  of the p i c tu re ,  vehic le  or ien ta t ion ,  and  
TV c a m e r a  pointing for  t he  o p e r a t o r ' s  benefit .  

The vehicle  o p e r a t e s  i n  a discontinuous 

A predict ion technique is used dur ing  vehic le  mot ion  to  min imize  d y -  
namic  cons idera t ions  of the s t ee r ing  con t ro l  p rob lem.  
accompl ished  by computing in  fas t  t i m e  and displaying in r e a l - t i m e  the  p r e -  
d ic ted  r e sponse  of the  vehicle  t o  the c u r r e n t  ins tan taneous  command s t i ck  
set t ing.  The predict ion wi l l  u s e  a n  in i t ia l  condition p a r a m e t e r  s e t  de r ived  
f r o m  the p rocessed  navigation informat ion  and r ecen t  commands  sen t  t o  the 
vehicle .  The predict ion is  updated at a r a t e  of two t i m e s  p e r  second,  c o r -  
responding to  the command input r a t e .  
and displayed for  a to ta l  of t h r e e  m e t e r s  ahead  of the  ins tan taneous  vehic le  
posit ion.  

The predic t ion  is  

The vehicle  posit ion i s  p red ica t ed  

F igu re  2. 9 - 1  i l l u s t r a t e s  the comple te  d isp lay .  The p a s t  posi t ion of 
the vehicle  is shown as  two l ines ,  behind the  ins tan taneous  p r e s e n t  posi t ion 
of the vehicle ,  which i s  shown by a n  a p p r o p r i a t e  r ec t ang le .  The p red ic t ed  
posi t ion of the d isp lay ,  using the  c u r r e n t  vehic le  s t e e r i n g  c o m m a n d s ,  is 
shown on the r e m a i n d e r  of the  d isp lay  f o r  a to ta l  length of 3 m e t e r s  beyond 
the  p r e s e n t  posi t ion.  By aligning the p red ic t ed  vehic le  t r a c k  pa th  with the  
ove ra l l  d e s i r e d  pa th ,  t he  vehic le  can be carefu l ly  cont ro l led  along the  d e -  
s i r e d  path. 

In addition to  n o r m a l  vehic le  opera t ion ,  capabi l i ty  for  a l t e r n a t e  modes  
of vehicle  operat ions wil l  be  provided,  pe rmi t t i ng  i r r e g u l a r  t u r n s  and  s low 
speed  operat ion fo r  obs t ac l e  c ros s ing  and cl imbing.  T h e s e  a l t e r n a t e  modes  
of operat ion wil l  be used i n  s i tuat ions where in  n o r m a l  veh ic l e  opera t ion  i s  
e i the r  imposs ib le  o r  diff icul t .  Typical  examples  might be  dr iv ing  the  vehic le  
backwards ,  c r o s s i n g  a c r e v i c e ,  and c l imbing  a l a r g e  obs tac le .  Opera t ion  i n  
a l t e r n a t e  modes i s  expected t o  const i tute  only a m i n o r  pe rcen tage  of the to ta l  
operat ion.  
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Other  display information and control  functions wil l  be avai lable  to 
the vehicle o p e r a t o r ,  in addition to that requi red  f o r  s t e e r i n g  control .  
These  a r e  d e s c r i b e d  briefly h e r e  and in  g r e a t e r  detai l  in Section 13, 
Book 2. F i g u r e  2. 9 - 2  i l l u s t r a t e s  the o p e r a t o r ' s  control  a n d  display 
console .  
A warning indicator  provides  a vehicle malfunction indication. 
body inclinations are  provided to indicate dangerous s tabi l i ty  conditions.  
A c u r s o r ,  c u r s o r  mode cont ro ls ,  and display controls  allow o p e r a t o r  
communicat ions with the computer  and display.  A c losed-c i rcu i t  TV 
moni tor  is avai lable  f o r  information cont ro l  purposes .  
pointing the vehicle TV c a m e r a  for  driving purposes  a r e  provided.  
o p e r a t o r  genera tes  s teer ing  commands f o r  the vehicle through u s e  of the 
s teer ing  command s t ick .  
the d isposa l  of the opera tor .  

The operat ional  mode indicators  display the m i s s i o n  s ta tus .  
Vehicle 

Cont ro ls  f o r  
The  

Manual vehicle mobili ty cont ro ls  a r e  a l s o  at 

2. 10 TELECOMMUNICATION DESCRIPTION 

The h a r d w a r e  i t e m s  of the S L R V  telecommunication subsys tem a r e :  

1. Data Handling 

Command Decoder 

T e l e m e t r y  P r o c e s s  o r  

2. Data Link T r a n s m i t t e r  

3. Command Rece iver  

4 .  Antennas 

Om nidi r e c  t ional 

Direct ional  

2. 10. 1 Data Handling 

The m a j o r  units of data handling equipment are the command 
decoder  and the t e l e m e t r y  p r o c e s s o r .  
decoder  is shown in F i g u r e  2. 10-1.  

The block d iagram of the command 

T h r e e  subsys tem decoders  a re  used,  the TV decoder ,  the communi-  
ca t ions  and p e n e t r o m e t e r  decoder ,  and  the mobili ty decoder .  E a c h  of the 
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s u b s y s t e m  d e c o d e r s  is capable  of decoding 32 commands  giving ove ra l l  sub -  
s y s t e m  capabi l i ty  of 96 commands ,  

Only 71  commands  a r e  requi red  for  opera t ion  of SLRV. The  d i s t r i -  
bution of the command requ i r emen t s  among the s u b s y s t e m  i s  given below: 

TV - 21 commands  

Communication - 15 commands 

P e n e t r o m e t e r  - 3 commands 

Mobility - 32 commands 

Two redundant  a d d r e s s  decode r s  a r e  provided to enhance rel iabi l i ty .  
a r e  switched whenever i t e r r rup t ion  of the command t r a n s m i s s i o n  o c c u r s  
and t h e i r  s t a tus  is moni tored  v i a  t e l eme t ry .  
shownin  F i g u r e  2. 10-2. The commands a r e  t r ansmi t t ed  a t  48 bi ts  p e r  s e c -  
ond r a t e ,  thus providing one command e v e r y  0.  5 s e c o n d .  
is continuous with f i l l - in  bi ts  t r ansmi t t ed  between commands.  Complement  
of a d d r e s s  and  the command al lows a high d e g r e e  of e r r o r  detect ion.  When 
e r r o r s  a r e  de tec ted ,  the command decoder  is inhibited and the f ac t  t e l eme-  
t e r e d  to  ea r th .  

They 

The command work  f o r m a t  is 

The t r a n s m i s s i o n  

The  command decoder  is cons t ruc ted  using 248 TI,  s e r i e s  51  in te -  
g r a t e d  c i r c u i t s ,  a n d , h a s  the following p a r a m e t e r s :  

Size: 2 " x  2 - 1 / 4 " x  1 -1 /2"  

Weight: 0.  25 lb 

Power: 1. 1 wat t s  a t  3 volts. 

The  t e l e m e t r y  p r o c e s s o r  block d i a g r a m  is shown in F i g u r e  2. 10-3. 
F o u r  m o d e s  of opera t ion  a r e  specified: 

I 
1. N o r m a l  TV mode a t  122, 880 b i t s / s e c  

I 2. Degraded T V  mode at 960 b i t s / s e c  

3. T e l e m e t r y  mode a t  960 b i t s / s e c  

4. P e n e t r o m e t e r  mode a t  960 b i t s / s e c .  
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The  te levis ion provides  a ser ia l  da t a  input to the t e l eme t ry  p r o c e s s o r .  
n o r m a l  te lemet ry  mode,  the following sampl ing  is provided: 

In 

65 high leve l  points 

12 low leve l  points 

45 binary points 

In the pene t rometer  mode 7 high leve l  points a re  sampled .  
and frame f o r m a t  f o r  var ious  modes  a r e  given in  F i g u r e  2. 10 -4 .  

Work f o r m a t  

Two redundant A / D  c o n v e r t e r s  a r e  provided f o r  re l iabi l i ty .  The  
c o n v e r t e r s  a r e  of a r a m p  type capable  of 9 bit  encoding, in 8. 3 mi l l i s econds .  
T r ip l i ca t ed  major i ty  logic is used  in dividing clock chains  and coun te r s .  

The t e l eme t ry  p r o c e s s o r  u s e s  TI ,  s e r i e s  51  integrated c i r c u i t s  and 
National Semiconductor INCH (INtegrated CHopper)  c i r c u i t s  f o r  switching, 
and h a s  the following p a r a m e t e r s :  

Size:  4"  x 3. 875" x 3. 125" 

Weight: 2. 5 ,lb 

Power :  3 wat t s .  

2 .  10.2 Data Link T r a n s m i t t e r  

The  block d i a g r a m  of the da ta  t r a n s m i t t e r  is given in  F i g u r e  2.10-5.  

A r e f e r e n c e  o s c i l l a t o r  s ignal  is  de r ived  f r o m  
The r e c e i v e r  o sc i l l a to r  is a c r y s t a l  control led VCO and wi l l  

It o p e r a t e s  in S-Band.  
f o r  the t ravel l ing wave tube.  
the r ece ive r .  
lock on to  the DSIF t r a n s m i t t e r ,  thus providing a t r ansponder  mode  of o p e r a -  
tion f o r  the c a r r i e r .  
t r a n s m i t t e d  s igna l  s impl i f ies  the acquis i t ion p rocedure .  The  input r e f e r -  
ence  s igna l  of 19 Mc and is provided a t  1 mw power l e v e l .  
x5 multiplier will  conver t  the r e f e r e n c e  s igna l  to 95 Mc, a power l o s s  of 
2 db  will  occur .  
efficiency of -5 db  is r ea l i zed .  
a m p l i f i e r ,  whose phase r e sponse  is con t ro l l ed  by a b i a s e d  v a r a c t o r .  

The t r a n s m i t t e r  is comple te ly  so l id  s t a t e  except  

The  constant  r a t io  (22 1 /240) between rece ived  and  

A t r a n s i s t o r i z e d  

The v a r a c t o r  x3 s tage  is d r i v e n  with 3 mw. A convers ion  
The  modula tor  is a s ing le - s t age  t r a n s i s t o r  

A 
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Figure 2 .10-4  Telemetry Word and Frame Formats 

1111 1 2-87 



BSR 903 

IIIl 1 



BSR 903 

i '  

I 

f inal  R F  ampl i f i e r  s tage  wil l  supply the power n e c e s s a r y  to d r i v e  the X8 
v a r a c t o r  mul t ip l ie r .  
a t  the r e q u i r e d  2 mw input power a t  2295 Mc fo r  the TWT. 

The R F  output power n e c e s s a r y  i s  13 .5  mw to a r r i v e  
The  v a r a c t o r  

I .X8 is divided in two sec t ions :  the lumped cons tan t  X2, and  the s t r ip l ine  X4. 
The  

T h e  

equal  power sp l i t  and a 90° phasing between the outputs to  be fed to  the two 
e l e m e n t s  of the c r o s s e d - b e n t  dipole antenna. 

I 
I 

The output of the TWT is f ed  through an R F  switch to a s q u a r e  hybrid.  

mum of 40 db of isolat ion between the r e c e i v e r  and t r a n s m i t t e r  po r t s .  
u se  of hybr id  h a s  the addi t ional  advantage of achieving s imul taneous ly  a n  

hybrid wil l  be p a r t  of the s t r ip l ine  package. The  hybrid wil l  provide a min i -  

I 
I 
I 

I The  c r i t i c a l  components se lec ted  a r e  Hughes 314H TWT tube with a 

Use of s t r ip l ine  techniques f o r  R F  c i r c u i t r y  to min i -  
Watkins Johnson W J  237 used as a backup and a Microwave A s s o c i a t e s  
MAH322B1 v a r a c t o r .  
m i z e  weight h a s  a l s o  been se lec ted .  

i 

, The t r a n s m i t t e r  h a s  the following p a r a m e t e r s :  
I 

Size:  4" x 8"  x 4" 

Weight: 2. 9 lb 

P o w e r :  8 . 4 8  wat t s .  

2.10.3 Command Rece ive r  

The block d i a g r a m  of the r e c e i v e r  is shown in F i g u r e  2.  10-6.  Modu- 
la t ion c h a r a c t e r i s t i c s  of P M  C a r r i e r ,  FSK S u b c a r r i e r ,  and  4 8  bps sp l i t  phase  
da t a ,  have been  se lec ted .  However,  to e l imina te  any  possibi l i ty  of i n t e r -  
ac t ions  between Surveyor  and SLRV commands ,  the FSK s u b c a r r i e r  f r e  - 
quency is 5 kc  in s t ead  of 2.  3 kc  as  f o r  Su rveyor .  

The  r e c e i v e r  u s e s  s t r ip l ine  f o r  R F  f i l t e r ing ,  a balanced m i x e r ,  and 
t i m e s  6 mul t ip l ie r  which fu rn i shes  the 2062. 8-Mc LO signal.  

IF ampl i f ica t ion  is accompl ished  a t  4 7  Mc and 9. 5 Mc. A chain  of 
m u l t i p l i e r s  which r e c e i v e s  i t s  power f r o m  a 9. 55-Mc VCO, provides  38. 2 
MC f o r  the second m i x e r ,  343. 8 Mc for  the s t r ip l ine  unit, and 9. 55 Mc fo r  
the phase  de t ec to r .  The  phase de tec tor ,  opera t iona l  ampl i f i e r ,  and VCO 
form a phase  locked loop. N o  provis ion f o r  f requency  s e a r c h  is provided 
s i n c e  th i s  is ava i lab le  f r o m  the ground. 
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The  baseband s igna l  f r o m  the phase de t ec to r  is f i l t e red ,  l imited,  
and detected in  a mult ivibrator- type d i sc r imina to r .  The  r e su l t an t  sp l i t  
phase  P C M  s igna l  is f i l t e r ed  and l imited in  a n  ove rd r iven  ampl i f i e r  and 
p a s s e d  t o  the decoder  as data .  

Rece ive r  p a r a m e t e r s  are:  

Size: 1-1/2" x 6 " x  4" 

Weight: 1 lb 

Power :  1. 3 wat t s .  

2 .10.4 Antennas 

Two communicat ion antennas on SLRV a r e  r e q u i r e d  to m e e t  the 
functional requi rement .  
is shown in  F i g u r e  2. 10-7. 
t r a n s m i t t e r  and  the r e c e i v e r  a t  the omnidirect ional  antenna. An R F  t r a n s -  
f e r  switch is used  to a l t e rna te  the t r a n s m i t t e r  between the omnidirect ional  
and  a d i r ec t iona l  antenna. 

The  g e n e r a l  schemat ic  of antenna interconnection 
A s q u a r e  hybrid duplexer  is used  between the  

The  omnidirect ional  antenna configuration is shown in F i g u r e  2. 10-8.  
I t  wi l l  have  a coverage  cone of t 12 1 . 5 O  giving a t 3-db  gain a t  the c e n t e r  
and - 6-db  l o s s  a t  121.50. 

- 

Construct ion c o m p r i s e s  two bent, c r o s s e d ,  quadrature-fed dipoles 
mounted above a n  appropr ia te ly  dimensioned groundplane: 
iza t ion  is rea l ized .  

a c i r c u l a r  po la r  - 
The weight of the antenna is approximately 8 oz. 

The  d i rec t iona l  17-db gain antenna construct ion is shown in F i g u r e  
2. 10-9 .  
I t  is 18 I '  in  d i a m e t e r ,  h a s  a beam width of ZOO a t  3-db points,  and h a s  c i r -  
c u l a r  polarization. A two-crossed-dipole  feed is used. The d i sh  weighs 
8 o z  

The  antenna is cons t ruc ted  f r o m  per fora ted  a luminum 0 .  05" thick.  

and  the feed weights 5 oz. 
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F i g u r e  2. 10-8 S-Band Omnidirect ional  Antenna 

III/ 1 2 - 9 3  



BSR 903  

ROLLED 
BEAD RIM . 4 

\ 

;1 

/3 
/ 

///-----" .. 
/ SOCKET FOR MOUNTING 

PR IMAR Y FEED 

MOUNTING 
GIMBALS 

I- 
4.50 

\ - 0.375 0.375 4 ', 

0 

SCHEME 

F i g u r e  2.  10-9 17 db  Poin ted  Antenna 

, 

2-94 III/ 1 



2 . 1 1  PRIMARY POWER S U P P L Y  

T h e  SLRV power supply wil l  cons is t  of a radioisotope t h e r m o e l e c t r i c  
gene ra to r  (RTG), a power conve r t e r ,  and a shunt  power r egu la to r .  T h e  
RTG conver t s  hea t  to e l e c t r i c  power through the na tu ra l  decay  of a rad io-  
isotope and a s e r i e s  of thermocouples .  The  power conve r t e r  is a s t a t i c  
t r a n s i s t o r  c o n v e r t e r  which t r a n s f e r s  the input power to a l l  the s u b s y s t e m s  
a t  the d e s i r e d  vol tages .  The power regula tor  main ta ins  RTG power a t  a 
cons tan t  leve l  and output vol tages  within the d e s i r e d  to l e rance  f o r  a l l  n o r -  
m a l  modes  of opera t ion .  

The  RTG wil l  provide 38.8 wat t s  at the end of mis s ion  with a power 
contingency al lowance of 3 .  1 wat t s .  
the  RTG output voltage at 6 vol ts  throughout the comple te  mis s ion .  

The power regula tor  wil l  main ta in  

T h e  DC-DC power conve r t e r  t r a n s f e r s  the power to t h e l o a d s  as 
shown in F i g u r e  2. 11-1, and Table  2 .2-5.  The  RTG weights 2 1  lb. and the 
c o n v e r t e r  weighs 3 .  7 lb.  

2. 12 TELEVISION 

A functional d i a g r a m  of the te levis ion is shown in F i g u r e  2. 12-1. 

GALILEAN 
TELESCOPE 

SHUTTER I 
4 POSITION 

NON-L I N EAR 

AMPLIFIER 
HIGHLIGHT SENSITIVITY 

/ 
AMPLIFIER VIDICON 

PRE-AMPLIFIER t k,J 1 &LIGHTSENSOR 

f = 7  SWEEP 

f =22 
- 

OR 
256 

SCENE HIGHLIGHT 
L LINES 1 

ILLUMINATION 

TO 
325 CANDLES/FOOT~ 

32s CANDLES/FOOT~ 

ELEVATION 

GAIN ADJUSTMENT 

I 

IT ROBERTS 0.96 k c  
TO 

122.88 kc 
OUTPUT 

BIT RATE 

F i g u r e  2. 12- 1 Televis ion Funct iona l  Block D i a g r a m  
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T h e  opt ical  e lements  of the s y s t e m  provide t h r e e  f ie lds  of view and  
c o n s i s t  of a Gal i lean te lescope which is mounted in f ront  of the fixed lens  
having a 22. 5-degree  f ie ld  of view. The te lescope  is ro ta ted  180 d e g r e e s  
(t9Oo) to obtain e i t h e r  n a r r o w  (10 degree)  o r  a wide (50 d e g r e e )  field of 
view. 
of view (22 .5  d e g r e e )  of the camera sees  between the convex and concave 
lens  of the Gal i lean te lescope.  Continuously v a r i a b l e  f - s tops  f r o m  f / 7  to 
f /22 ,  are  provided. 
o p e r a t o r  option a r e  a l s o  provided. 
tween the iris and the shut te r  re f lec ts  a s m a l l  percentage  of the light to  a 
photo diode which is used  f o r  both light m e a s u r e m e n t  and, i f  d e s i r e d ,  
automatic  exposure .  

- 
In the middle position the telescope is not used and the fixed f ie ld  

Shut te r  speeds  f r o m  50 ms to a maximum t ime at the 
A part ia l ly  s i l v e r e d  m i r r o r  placed be-  

A vidicon having e l e c t r o s t a t i c  focus and deflection and long r e t e n -  
A highlight 
The vidicon 

tivity c h a r a c t e r i s t i c s  is used as the basic  light t r a n s d u c e r .  
sensi t ivi ty  of 0 . 1  f t -candle-second is available in this unit. 
is readout  by digitally genera ted  sweep waveforms which have a s t a i r c a s e  

1 f o r m .  During each  f la t  portion of the horizontal  sweep waveform, the 1 
vidicon b e a m  is turned on f o r  a 3 - ~ s e c  per iod  and a n  e lementa l  a r e a  of the 
vidicon faceplate  is readout.  The number of e l e m e n t s  readout  can  be 
v a r i e d  f r o m  (256)2 to (512)2. The readout r a t e  can  be v a r i e d  f r o m  100, 000 
e l e m e n t s  p e r  second to 200 e lements  p e r  second s imply by changing the in-  
put clock r a t e .  
coding da ta  r a t e s  of 0 .  96 kilobit p e r  second o r  122. 88 kilobits p e r  second 
a t  2 ,  3, or 4 bits  p e r  e lement ,  a t  e i ther  (256)2 e lements  o r  (512) 
p e r  frame. R o b e r t ' s  
binations a t  the d iscre t ion  of the opera tor .  

This  flexibil i ty encompasses  the range requi red  f o r  en-  

2 e l e m e n t s  
modulation can be used  with any of the foregoing com-  

The  combination of 4 bits p e r  e lement  encoding, (512)2 e lements  p e r  
f rame readout ,  and 122.88 kilobits per second data  r a t e  const i tutes  the 
high p e r f o r m a n c e  mode of the subsys tem.  The  f r a m e  t ime under t h e s e  
conditions is 8 . 3  seconds.  
(256)2 e l e m e n t s  p e r  f r a m e  readout,  and 0.  96 kilobit 
const i tutes  the e x t r e m e  emergency  mode. 
conditions is 137 seconds.  

The combination of 2 bi ts  p e r  e lement  encoding, 
p e r  second data  r a t e  

T h e  f r a m e  time under these  

The  exposure  capabili ty of the v a r i a b l e  shut te r  and iris and the s e n -  
s i t ivi ty  of the vidicon a r e  such  that 0.  24 second is the r e q u i r e d  exposure  

2 t i m e  at f / 2 2  and  at a m a x i m u m  lunar s u r f a c e  luminance of 325 candles / f t  . 
An e x p o s u r e  t i m e  of 24  seconds may be safely a s s u m e d  as feasible  without 
any p ic ture  degradat ion (the maximum exposure  t i m e  as l imited by the 
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vidicon faceplate is much longer  but would r e q u i r e  exper imenta l  ver i f icat ion) .  
The  highli h t  luminance leve l  r e q u i r e d  a t  th i s  long exposure  t i m e  is 0. 325 
candles  ft . 
The  tone sca l e  capabili ty of the s y s t e m  is such  as to a r t i cu la t e  ten  3-dbgrey 
l eve l s  except when operat ing in  the emergency  mode o r  with long exposure  
t i m e s  . 

2 Thus the highlight dynamic  range of the s u b s y s t e m  is 103:l. 

The power r equ i r emen t s  of the te lev is ion  s u b s y s t e m  v a r y  depending 
on the operating mode.  
during lunar day  and f o r  nighttime su rv iva l .  
qu i red  while reading out. 

The m i n i m u m  is 2. 88 wa t t s  r e q u i r e d  f o r  standby 
The  m a x i m u m  is 5. 2 wa t t s  re -  

The angular  f r e e d o m  in az imuth  is + 200 d e g r e e s  and  in  elevation is - 
t 15 degrees  and - 60 d e g r e e s .  
by elevation and az imuth  d r i v e s  which have readout  capabi l i t i es  of - 4- 0.248 
d e g r e e  peak, respec t ive ly .  

The  position of the l ine of s igh t  is con t ro l l ed  

The s u b s y s t e m  p o s s e s s e s  a semiac t ive  t h e r m a l  con t ro l  s y s t e m  
which maintains the i n t e r i o r  t e m p e r a t u r e  in  the range  of t 125OF to  - 40°F 
non-operating and t 125OF to  t 500F  operat ing.  

A view of a ful l  s c a l e  model  of the SLRV-TV s u b s y s t e m  is shown 
in F i g u r e  2. 12-2. 

Table 2.  12-1 gives a weight s u m m a r y  f o r  the design. 

TABLE 2. 12-1 

DESIGN WEIGHT SUMMARY 

E l e m e n t  Weight (1 b) 

C a m e r a  p rope r  2. 89  

F ie ld  changing opt ics  0.90 

Elevation and az imuth  d r i v e s  2. 37 

Remaining s t r u c t u r e  1 .47  

To ta l  7. 6 3  l b  
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2 . 1 3  THERMAL CONTROL 

The t h e r m a l  cont ro l  method chosen  f o r  SLRV is e s sen t i a l ly  pass ive .  
Specifically,  cont ro l  is achieved v ia  insu la ted  e l ec t ron ic  compar tmen t s ,  
t h e r m a l  radiation sh ie lds ,  r e s i s t a n c e  hea ters ,  and appl icat ion of se lec t ive  
t h e r m a l  coatings at  the m o r e  sens i t ive  a r e a s .  
inherent ly  re l iab le  and l ight in weight. 

This  method of cont ro l  is 

T e m p e r a t u r e s  have been ca lcu la ted  a t  many points throughout the 
SLRV f o r  s e v e r a l  d i f fe ren t  phases  of the mis s ion ;  including t r ans i t ,  l una r  
day  operat ion,  and luna r  night. 
down to ea r ly  morning opera t ion  (sun 1 3 O  above hor izon) ,  mid -morn ing  
opera t ion  (sun 4 5 O  above horizon) ,  mid-day ( sun  a t  zenith),  and mid-af te rnoon.  
Some allowance was made  f o r  the vehicle  posit ion r e l a t ive  to the sun  r a y s .  
T e m p e r a t u r e s  ca lcu la ted  a r e  s u m m a r i z e d  in Table  2 .  13- 1. 

L u n a r  day  opera t ion  w a s  f u r t h e r  broken 

T h e r m a l  cont ro l  of the e l ec t ron ic s  c o m p a r t m e n t  wil l  be accompl ished  
with a meta l ic  plate to which a l l  e l ec t ron ic  components a r e  mounted. 
s i d e s  and bottom of the c o m p a r t m e n t  hea t  t r a n s f e r  wil l  be v i r tua l ly  e l i m i -  
nated by use of super insu la t ion .  
wil l  be achieved by providing a s ingle  t h e r m a l  path through the top plate .  
The  t h e r m a l  path through the t h e r m a l  plate  is f u r t h e r  modif ied by applying 
the i r  coatings to the ou te r  su r f ace .  Dur ing  the l u n a r  night, a u x i l i a r y  h e a t e r s  
will  be used to maintain minimum acceptab le  t e m p e r a t u r e s .  

On the 

Control  within the e l ec t ron ic  c o m p a r t m e n t  

The  TV c a m e r a  package t h e r m a l  cont ro l  wi l l  be s i m i l a r  to that  d e s -  
c r i b e d  above f o r  the e l ec t ron ic  c o m p a r t m e n t  in that  i t  wi l l  u s e  a s ingle  
t h e r m a l  plate and be enc losed  with super insu la t ion .  

T h e r m a l  insulat ion is located between the RTG and the Surveyor  
Spacec ra f t  to min imize  the t h e r m a l  input to the spacec ra f t .  

2.14 DSIF /SFOF 

Ground opera t ing  equipment (GOE) p e r f o r m s  the funct ions of vehicle  
cont ro l ,  per formance  monitor ing,  and co l lec t ion  and  ana lys i s  of s u r v e y  da ta .  
Ground operat ing fac i l i t i es  support ing SLRV ope ra t ions  wil l  cons i s t  of a 
combination of exis t ing and planned DSIF and  SFOF fac i l i t i e s  augmented by 
SLRV mission-dependent equipment .  
SFOF configuration r equ i r ed  to suppor t  the SLRV and the SLRV m i s s i o n -  
dependent  equipment that m u s t  be added. Addit ional  de t a i l  r ega rd ing  DSIF/ 
S F O F  configuration t r ade -o f f s  and  spec ia l  pu rpose  SLRV GOE may be found 
in Book 2, Volume 111, Sect ion 13. 

T h i s  s ec t ion  s u m m a r i z e s  the DSIF/  
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TABLE 2. 13-1  

TEMPERATURE DATA 

NODE 

4 Direct ional  Antenna 

5 E l e c t r o n i c s  Mtg P l a t e  

16 

17 

21 

22 

26 

31 

33 

37 

43 

46 

54 

56 

P e n e t r o m e t e r  

T r a n s m i t t e r  

Incl inometer  

Odometer  

S t r u c t u r e  F r o n t  

S t r u c t u r e  R e a r  

S t r u c t u r e  R e a r  Bottom 

F r o n t  S t r u t  

T r a c k  Hub - F r o n t  

T r e a d  Top - F r o n t  

T r a c k  Hub - R e a r  

T r e a d  Top - R e a r  

TV C a m e r a  

L u n a r  Day 
Transi t (OF) (May) ( O F )  

138 

128 

123 

138 

133 

12 1 

143 

260 

3 15 

116 

108 

19 1 

103 

195 

L u n a r  Night 
( O F )  

- 108 

22 

25 

40 

31 

23 

32 

188 

2 78 

-52 

-68 

- 142 

-62 

- 114 

Note: All  t e m p e r a t u r e s  a r e  equi l ibr ium values .  
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TABLE 2. 14-1 

GROUND OPERATING EQUIPMENT AND FACILITIES FOR SLRV MISSIONS 

L o c a t i o n  

SFOF 

Gold s t  one 
D SS 

Miss ion  Dependen t  (cont r  
Surveyor  CDC (Hughes)  

1. C o m m a n d  s u b s y s t e m  
modif ied f o r  r e m o t e  
e l e c t r i c a l  input i n t o  t h e  
command  r e g i s t e r  a n d  
provis ions  f o r  r e m o t e  
t r a n s m i t  c o n t r o l .  

1. Command s u b s y s t e m  
modif ied for  r e m o t e  
rnput into a s e p a r a t e  
SLRV SCO. 
2 .  TM p r o c e s s o r  a d -  
jus ted  fo r  SLRV data  
r a t e  and f o r m a t .  

t o r  p r o v i d e d )  
SLRV (Bendix)  

1. Vehic le  C o n t r c  
C o n s  o le  
2. S u r v e y  Cont ro l  
Conso le  
3. Vehicle  S y s t e n  
Moni tor ing  a n d  
C o n t r o l  Conso le  
4 .  Da ta  Recon-  
s t r u c t i o n  Unit 
5. TV D a t a .  
P roc  e s so r  
6.  Input S igna l  
Monitor ing C o n s o l  
7. Au tomat i c  c o r  
m a n d  Word  G e n e r  
a t o r  
8. C o m m a n d  
D e c o d e r  
9 .  P h o t o g r a m -  
m e t r i c  a n a l y s i s  
e qu ipme  nt 
10. P h o t o m e t r i c  
a n a l y s i s  equip-  
m c n t  

A.  C o m p u t e r  
p r o g r a m s  p e c u l i a ]  
to  SLRV o p e r a -  
t i o n s .  

1. Da ta  r e c o n -  
s t r u c t i o n  unit .  
2 .  T V  Da ta  
P r o c e s s o r  
3 .  T V  Moni to r  

i s s i o n  IndeDendent ( J P L  
Kisting o r  P l a n n e d  

1. C o m p u t e r  C o m p l e x  
Dperating i n  Mode 11-A. 
2. T a p e  r e c o r d e r s  
m d  r e p r o d u c e r s .  
3. T i m e  r e f e r e n c e  

4 .  SFOF Media  
C o n v e r s i o n  Equip-  
ment  modi f ied  f o r  
SLRV d i g i t a l  TV 
input. 
5. SFOF S t o r a g e /  
R e t r i e v a l  a n d  P h o t o -  
graphic  P r o c e s s i n g  
S y s t e m s  
6. X - Y  P l o t t e r s  
7. M i s s i o n  S t a t u s  
D i s p l a y s  
8. S u r v e y o r  landing 
a r e a  photo m o s a i c  
9 .  C l o s e d  c i r c u i t  
TV S y s t r m s  
10. M i s s i o n  C o n t r o l  
fac i l i t ie  s 
11. SFOF r o n t r o l  and  
m o n i t o r  f ac i l i t i e s  
12. DSIF  r o n t r o l  a n d  
m o n i t o r  f ac i l i t i r  s 
13. SLRV Space  
Sc ience  A r e a  
14. SLRV P e r f o r m -  
a n c e  A n a l y s i s  A r e a  
15. Mic rowave  l ink 
f r o m  Golds tone  t o  
the  BEDF 

1. 210' S -band  
an tenna  
2. GSDS S-band  
r e c e i v e r  wi th  wide 

band  p h a s e  d e t e c t o r  
3. GSDS S-band  
t r a n s m i t t e r s  wi th  
p h a s e  m o d u l a t o r  
4. T i m e  r e f e r e n c e  
5. T a p e  r e c o r d e r  
6. S ta t ion  r o n t r o l  
a n d  m o n i t o r i n g  
f ac i l i t i e s .  

rov ided)  
Addi t iona l  ReRui remen t  

1 ,  lcdlc rowave  t e r m i n a l  
equ ipmen t  to  r e c e i v e  SLRV 
d i g i t a l  d a t a .  

2. 
SLRV c o m m a n d  d a t a  t o  Gold-  
s tone  a t  48 b i t s  p e r  second.  

Dig i ta l  d a t a  l ink t o  t r a n s m i t  

1. Mic rowave  t e r m i n a l  
e q u i p m e n t  t o  t r a n s m i t  SLRV 
d ig i t a l  d a t a .  
2. Digi ta l  d a t a  t e r m i n a l  to  
r e c e i v e  SLRV c o m m a n d  da ta  
f r o m  the  SFOF. 
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Limitat ions of the 100-lb SLRV telecommunicat ions s y s t e m  preclude 
the recept ion of t e l e m e t r y  da ta  with a n  85 '  ground antenna while the vehicle  
is moving. T h e r e f o r e ,  the corresponding DSIF/SFOF operat ional  configura-  
tion is l imi ted  to the u s e  of the Goldstone 210' antenna f o r  da ta  acquisit ion.  
T r a n s m i s s i o n  of t e l e m e t r y  to an  85 '  ground antenna v ia  the vehicle 's  d i r e c -  
t ional antenna is possible  with the vehicle stopped. Thus vehicle s ta tus  will  
be monitored during standby operations f r o m  the Deep Space  Stations (DSS) 
a t  Woomera  and Johannesburg.  

2.14.1 Operat ional  Configuration 

A p r e l i m i n a r y  DSIF/SFOF operat ional  configuration using only the 
Goldstone Deep Space Station (DSS) is shown in F i g u r e  2 .  14-1. 
shows the e s t i m a t e  of the dis t r ibut ion of r e q u i r e d  equipment and faci l i t ies  
f o r  the configuration of F i g u r e  2. 14-1. 

Table  2 .  14-1 

In genera l ,  a l l  command generation, da ta  collection, and data  ana ly-  
sis will  o c c u r  a t  the SFOF. The Goldstone DSS will be used to t r a n s m i t  
commands ,  rece ive  and re lay  data ,  and provide a backup data  record ing  and 
command generat ion capabili ty.  
c luded a t  Goldstone to p e r m i t  local  monitoring of d a t a  quality. 

Sufficient da ta  process ing  should be in-  

2.14. 1. 1 Data  Handling 

Data f r o m  the SLRV are  received a t  the DSS in the f o r m  of spl i t  
T e l e m e t r y  and  TV data  a r e  received phase P C M / P M  with no s u b c a r r i e r .  

a l t e r n a t e l y  a t  r a t e s  of 960 bps and 122. 88 kbps respect ively.  
d a t a  a re  r e c o v e r e d  and recons t ruc ted  a t  the DSS using the exis t ing wide-band 
phase de tec tor  plus a spec ia l  purpose SLRV data  reconstruct ion unit. 
s h a p e d  digital  da ta  a r e  then relayed to the SFOF in r e a l - t i m e  v i a  the exis t ing 
m i c r o w a v e  link. 
r e c o v e r e d  and recons t ruc ted  and TM data  a r e  routed d i rec t ly  to the computer  
complex  while TV da ta  a r e  routed to a spec ia l  purpose TV data  p r o c e s s o r .  

Both f o r m s  of 

R e -  

At  the S F O F  the raw da ta  f r o m  the microwave link a r e  again 

On-line uti l ization of the S F O F  computing complex wil l  be r e q u i r e d  
to  suppor t  SLRV operat ions in the a r e a  of t e l e m e t r y  f r a m e  and work  syn-  
chronizat ion and decommutation. 
11-A as d e s c r i b e d  in EPD-23.  SLRV televis ion da ta  will  be routed by the 
d a t a  recons t ruc t ion  unit to a special  purpose TV da ta  p r o c e s s o r  which will  
e s t a b l i s h  frame and line sync,  remove  the R o b e r t s '  modulation f r o m  the 
video,  and provide d a r k  c u r r e n t  cor rec t ion  of the video signal i f  n e c e s s a r y .  

The recommended operat ing mode is 

III/ 1 2-103 



BSR 9 0 3  

Outputs from the TV da ta  p r o c e s s o r  wil l  cons i s t  of digi ta l  s igna ls  specifying 
the position of the p r e s e n t  p ic ture  e lement ,  analog video, and a n  unblanking 
s ignal .  
cont ro l  console ,  input s igna l  moni tor  console ,  and  to  the SFOF m e d i a  con-  
v e r s i o n  equipment f o r  s c a n  convers ion  and  pe rmanen t  photo record ing .  
e r e n c e  data f o r  each  T V  f r a m e  wil l  be de r ived  by the compute r  f r o m  the 
t e l eme t ry  f r a m e s  preceding  the TV f r a m e  and routed  to the n e c e s s a r y  d i s -  
plays and photo r eco rd ing  equipment. 

These  s igna ls  wil l  be routed to  a vehicle  con t ro l  console ,  s u r v e y  

Ref - 

The  planned SFOF photo record ing ,  p rocess ing ,  and  s t o r a g e  and  
r e t r i e v a l  fac i l i t i es  (as d e s c r i b e d  in JPL spec i f ica t ions  F O T  5-720 and F O T  
5-730)  will provide pe rmanen t  a rch iva l  s to rage  of SLRV TV data ,  negat ive 
o r  positive t r a n s p a r e n c i e s  f o r  off-line photometr ic  and  photogrammetic  
ana lys i s ,  and  copies  of SLRV TV i m a g e s  f o r  m e m b e r s  of the sc ien t i f ic  
community. 

2.14.1. 2 Cont ro l  Consoles  

F o u r  cont ro l  consoles  a r e  p re sen t ly  an t ic ipa ted  to  suppor t  SLRV 
ope rat ions:  

1. Vehicle Control  Console ,  s e e  F i g u r e  2. 9 - 2  

2 .  Survey  Cont ro l  Console ,  s e e  F i g u r e  2. 14 -2  

3. Vehicle S y s t e m s  Monitoring and  Cont ro l  Console 

4. Input Signal  Monitor Console .  

A l l  vehicle  con t ro l  (dr iving)  funct ions a r e  handled a t  the vehic le  
cont ro l  console.  
synthet ic  data  and TV video. 
and bear ing to  the next dest inat ion.  The  compos i t e  d i sp lay  is gene ra t ed  by 
r ea r -p ro jec t ing  a video image  f r o m  a pos i t ive  t r a n s p a r e n c y  and synthet ic  
da t a  f r o m  a CRT on a common viewing s c r e e n .  The  posi t ive t r a n s p a r e n c y  
is produced by a self-contained photo r e c o r d e r ,  r ap id  p r o c e s s o r ,  and  p r o -  
j e c t o r  unit which m a k e s  the video da ta  ava i lab le  f o r  d i sp lay  within 10 seconds  
a f t e r  t r ansmiss ion  is comple te .  The  CCTV moni to r  to  the lef t  of the ma in  
d isp lay  will be connected to the SFOF CCTV s y s t e m  and  is intended s p e c i f -  
i ca l ly  to p e r m i t  the o p e r a t o r  to moni tor  the following i t e m s :  

The  m a i n  d isp lay  is a compos i t e  of compute r  gene ra t ed  
N e c e s s a r y  navigat ion da ta  a r e  shown as range  
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1. Scan  converted SLRV TV photos 

2 .  Navigation s t a tus  plot 

3. Vehicle s y s t e m s  s t a tus  d isp lay .  

Vehicle mobili ty commands  are  genera ted  by opera t ion  of e i t h e r  
the main s t e e r i n g  cont ro l  o r  the aux i l i a ry  mobili ty con t ro l s .  
s t e e r i n g  con t ro l  is a seven-posit ion,  self -center ing cont ro l  s t ick .  
n o r m a l  driving mode, the position of th i s  cont ro l  s t i ck  wil l  c a u s e  hybrid 
commands  to be encoded and t r a n s m i t t e d  to the vehicle a t  0.  5 -second i n t e r -  
va l s .  
modes  of vehicle  mobili ty cont ro l .  
m i t  the opera tor  to s c a l e  f e a t u r e s  on the ma in  display in conjunction with 
h i s  hazard  identification task .  

The  main  
In the 

Auxiliary mobili ty con t ro l s  will  be provided to  implement  a l t e r n a t e  
The  c u r s o r  con t ro l  i s  provided to  p e r -  

The su rvey  control  console  is a two-posit ion unit accommodat ing  
the functions of su rvey  da ta  col lect ion,  quick-look d a t a  ana lys i s ,  and  navi-  
gation position fixing v i a  landmark  sighting. 
look survey  ana lys i s  position is ident ica l  to  t h e m a i n  display a t  the  vehicle  
con t ro l  console except f o r  different  synthe t ic  da ta .  
( joyst ick)  is again used  to s c a l e  the video p i c tu re  but th i s  t i m e  to de t e rmine  
tha t  the a r e a  is acceptable  f o r  L E M  landing. 
th i s  console i s  a navigation s t a tus  plot consis t ing of a t r a n s p a r e n t  c h a r t  
showing the requi red  da ta  locations within a point ( o r  the r e q u i r e d  point 
locations within the s i t e )  and the p r e s e n t  posit ion and heading of the vehic le .  

The  ma in  display a t  the quick-  

The  c u r s o r  con t ro l  

The  display in the c e n t e r  of 

The  vehicle s y s t e m s  monitor ing and con t ro l  console  wi l l  p e r m i t  
s t a tus  monitoring and cont ro l  o v e r  the v e h i c l e ' s  d i r ec t iona l  antenna. 
gene ra l ,  the requi red  displays will  c o n s i s t  of compute r  dr iven  s t a t u s  and 
warning l ights,  analog m e t e r  ind ica tors ,  and n u m e r i c  d isp lays .  A compu-  
t e r  controlled page p r i n t e r  and pe rhaps  a n  osci l lographic  r e c o r d e r  m a y  be 
r e q u i r e d  to supplement  this  console.  

In 

The  input s igna l  monitor  console  is concerned  with opera t ion  of 
the da ta  reconstruct ion unit and T V  d a t a  p r o c e s s o r .  

2 .  14. 1. 3 SLRV Command Genera t ion  P r o c e d u r e s  

Closed-loop d r iv ing  and e f f i c i en t  u s e  of mi s s ion  t i m e  r e q u i r e  a 
f a s t ,  automatic command  generat ion p r o c e d u r e  under  the cognizance of the  
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Miss ion  Di rec to r .  
command word  e n t r y  can  be used  a t  the SFOF to gene ra t e  command w o r d s  
in  the same f o r m a t  as for Surveyor .  Re fe r r ing  to F i g u r e  2. 14-1,an au to-  
ma t i c  mode is added to the p r e s e n t  command e n t r y  fac i l i t i es  of the CDC, 
r e f e r r e d  to  as n o r m a l  mode in F i g u r e  2 .  14-1. 

A Surveyor  CDC command s u b s y s t e m  modified f o r  r e m o t e  

T h e  au tomat ic  command e n t r y  mode u s e s  a n  au tomat ic  command 
work  gene ra to r  to a s s e m b l e  10-bit  command words  fo r  presenta t ion  to  the 
CDC p r o g r a m m e r .  
cont ro l  console ,  the s u r v e y  cont ro l  console,  the vehic le  s y s t e m s  console ,  
and the compute r  complex v ia  the 7288 data channel .  T h e s e  inputs a r e  
moni tored  in acco rdance  with the se lec ted  au tomat i c  mode and the a p p r o -  
p r i a t e  command is encoded and presented  to  the CDC each  half second.  
CDC automat ica l ly  t r a n s m i t s  each  command p resen ted  a t  the output of the 
work gene ra to r  and will  not of i tself  i n s e r t  f i l l - in  commands.  

The word  gene ra to r  r ece ives  inputs f r o m  the vehic le  

The  

Commands  e n t e r e d  automatical ly  a r e  l imi t ed  to those per ta ining 
to vehicle  cont ro l ,  antenna pointing and  switching, TV opera t iona l  control ,  
and pene t romete r  opera t iona l  control .  Others  a r e  en te red  into the CDC in 
the n o r m a l  m a n n e r .  T h e s e  four  ca t egor i e s  wi l l  be es tab l i shed  as s e p a r a t e  
modes  to  be changed only upon authorizat ion of the Mission D i r e c t o r .  
addition, a HOLD mode wil l  be included which wi l l  p revent  t r a n s m i s s i o n  of 
opera t iona l  commands  to the vehicle  v i a  the au tomat ic  command word  gen-  
e r a t o r .  Th i s  HOLD mode could a l s o  be used  to  s top  the vehicle  in  the event  
of e m e r g e n c y .  
modes  should r e q u i r e  the au thor iza t ion  of the SLRV Mission D i r e c t o r .  

In 

A change between no rma l  and  au tomat ic  command e n t r y  

Commands  gene ra t ed  by the CDC a t  the SFOF a r e  r e l ayed  in  the 
f o r m  of d ig i ta l  da t a  a t  48 bits p e r  second to  ano the r  CDC a t  Goldstone v ia  a 
new land l ine da ta  l ink.  
2 .  14-1) to  include a n  addi t ional  SCO and m i x e r  as wel l  as a swi tch  to  s e l e c t  
e i t h e r  the Surveyor ,  SLRV, o r  both SCO's. T h e s e  s i m p l e  modif icat ions to  
the CDC command  s u b s y s t e m s  at SFOF and  Goldstone would provide a v e r -  
s a t i l e  command  genera t ion  faci l i ty  sui table  f o r  both Surveyor  and  SLRV 
mis s ions.  

The CDC at  Goldstone should be notified ( F i g u r e  

2.14.1. 4 Data  Analys is  Equipment 

Additional equipment m u s t  be provided a t  the S F O F  to p e r m i t  
pho togrammet i c  ana lys i s  and pe rhaps  photometr ic  ana lys i s  of SLRV TV 
data .  The r e q u i r e m e n t  f o r  photogrammet ic  ana lys i s  equipment in suppor t  
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of landing point ver i f ica t ion  wil l  r e q u i r e  one o r  m o r e  analyt ic  plot ter  s y s -  
tems of the A P - C  o r  A P - 2  va r i e ty .  
ana lys i s  of SLRV TV da ta  a r e  not yet defined; a mic rodens i tome te r  m a y  be 
requi red .  

P r o c e d u r e s  f o r  de ta i led  photometr ic  

2 .  14. 2 Standby Sta tus  Monitoring Configuration 

A DSS configuration f o r  SLRV standby s t a tus  monitor ing is shown 
in F igu re  2. 14-3.  
Space  Stations! 
beyond the exis t ing capabili ty f o r  receiving t e l e m e t r y  da t a  v i a  the te le type 
ne two r k. 

This  configuration wil l  be r equ i r ed  a t  each  of t h r e e  Deep 
No additional SFOF capabi l i ty  is r equ i r ed  f o r  this  opera t ion  

2.15 OPERATIONAL SEQUENCE 

The opera t iona l  sequence  is gene ra t ed  to de ta i l  SLRV expected e x p e r i -  
ence  during th ree  s ignif icant  per iods :  

1. AMR Opera t ions  

2. T r a n s i t  Opera t ions  

3 .  L u n a r  Opera t ions .  

AMR opera t iona l  sequence  is based  upon e s t i m a t e s  of loca l  r e q u i r e -  
men t s ,  Surveyor  r e q u i r e m e n t s ,  and 011 Bendix plans f o r  SLRV test ing.  
T r a n s i t  operat ional  sequence  is based  upon At l a s  -Cen tau r  and S u r v e y o r  
opera t ions  with the possible  addition of SLRV in - t r ans i t  checkout,  if  d e s i r -  
ab le  and  if pe rmi t t ed .  
lunar  su r face  opera t ion  r e q u i r e m e n t s  and  the capabi l i t i es  and p e r f o r m a n c e  
c h a r a c t e r i s t i c s  of the SLRV. 

L u n a r  opera t iona l  sequence  is based  en t i r e ly  upon 

2.15. 1 AMR 

A bas ic  schedule  of ac t iv i t ies  a t  AMR h a s  been gene ra t ed  (Table  
2 .15-1)  to s e r v e  as a b a s i s  f o r  ope ra t ion  planning. 
64 days  at AMR before launch. Some va r i ab i l i t y  in the da t e s  a s s igned  f o r  
t e s t  completion is allowed. The l a t e r  por t ion  of the schedule  is a r r a n g e d  
to minimize  the durat ion of opera t ion  with the RTG fue l  capsu le  ins ta l led .  

Th i s  schedule  a l lows  

2-1 10 III/ 1 



BSR 903 

(II 

c) 
5 
d 

h 
P 

3; 

I 

k 
0 

W 

cn cn 
Q 

N 

a, 
k 
5 
M 

iz 

1111 1 2 - 1 1 1  



BSR 903 

TABLE 2.15-1 

AMR SCHEDULE O F  ACTIVITIES 

Time 
( d a v s  before launch) 

-64 

- 58 

Received a t  AMR 

Re c e iv ing Ins pe c t ion C om ple t e 

- 54 

- 52 

Simulated Mobility T e s t C omp le  t e 

Command and Control  T e s t  Complete  

- 47 

- 45 

T e l e m e t r y  Tes t  Complete  

P o w e r  T e s t s  Complete  

- 43 Exper iment  T e s t s  Complete  

- 40 

- 25 

Navigation Equipment T e s t s  Complete  

Optical  Alignment and Cal ibra t ion  Complete  

- 20 

-1 5 

T e l e m e t r y  Cal ibrat ion Complete  

F ina l  Assembly  and Flight P r e p a r a t i o n  Complete  

- 1 3  RTG Fuel  Instal la t ion Complete  

-11 Final  Confidence T e s t  Complete  

- 1 0  Pyro technic  Instal la t  ion Complete  

-10 

-8  

F ina l  P r e p a r a t i o n  fo r  Surveyor  Instal la t ion Complete  

Instal la t ion and Checkout with Surveyor  Complete  

- 7  

-6  

- 5  

- 5  

- 3  

Surveyor  Weight and Balance  Complete  

Fa i r ing  Instal la t ion Comple te  

F ina l  Confidence Check Comple te  

Move to  Launch P a d  

Mate with Centaur  Comple te  

- 2  Pre launch  Confidence T e s t  Comple te  

- 2  

0 Launch 

Ini t ia te  System Monitor ing During Countdown 
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An operat ional  sequence h a s  been p r e p a r e d  to  cover  the expected 
act ivi t ies  of A m .  
tional flow and ID t ime s c a l e  is shown. 
mation is consis tent  with the above basic schedule .  

T h i s  sequence (Section 2. 16 of this volume) is a func- 
However, the functional flow infor -  

2.15. 2 T r a n s i t  

A s t a n d a r d  sequence of events has been published (EPD-  180) which 
c o v e r s  the expected operat ions of At las  /Centaur ,  Surveyor ,  and SFOC. 
t r a n s i t  operat ional  sequence of the SLRV is minor  c o m p a r e d  with this s t a n -  
d a r d  sequence but i t  is expected that the t e l e m e t r y  ( T / M )  data  f r o m  the SLRV 
can  be re layed  to e a r t h  as a portion of the scheduled engineer ing i n t e r r o g a -  
tion procedures .  both through 
the umbil ical  connector  have been provided to faci l i ta te  the da ta  t r a n s f e r .  
The  SLRV T / M  can s c a n  the e n t i r e  S L R V  T / M  data  (3840 bi ts)  and  can  readout 
these  d a t a  to the DSIF within 4 seconds.  

The 

Command inputs to the SLRV and T / M  outputs, 

2. 15. 3 Lunar  Operat ions 

L u n a r  opera t ions  are  possible  immediately a f t e r  touchdown. De - 
ployment,  checkout, and miss ion  operations should take place as soon as 
p r a c t i c a l  to maximize  the s y s t e m  information output. 
d i f fe rence  in t h e r m a l  conditions while t ravel ing through space  and a f t e r  
touchdown, a deployment window probably ex is t s .  Deployment will  be c o m -  
manded to coincide with the actual  opt imum condition as de termined  f r o m  
T / M  data .  The init ial  checkout sequence is detai led is the following listing: 

A s  a r e s u l t  of the 

Initail Checkout Sequence 

Touchdown 

S u r v e y o r  "GO" ( information f r o m  Surveyor  s e n s o r s  indicates  "OK 
to deploy'') 

SLRV '%Or' (ground decis ion based on s e n s o r  t r e n d s )  

Command "Initial Deploy" (Via S u r v e y o r )  

Command "Second Deploy" ( V i a  Surveyor)  

I I I /  1 

Ver i fy  "Second Deploy" ( V i a  Surveyor)  
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Acqui re  e a r t h  link 

E x e r c i s e  e a r t h  link 

Command "Release T V  and  Antenna" ( V i a  SLRV T / M )  

E x e r c i s e  T V  

Command "Short Range Look-Around" (A compute r  p rogrammed  
sequence of c lose - in  T V  exposures  to examine wheel s inkage ,  a n -  
tenna posit ion,  vehicle  damage , Surve yor  condition, Su rveyor  - 
vehicle in t e r f e rence ,  loca l  su r f ace  condition) 

Command "Pene t romete r  T / M  mode" 

Command "Penetrometer S t a r t "  

Complete P e n e t r o m e t e r  ac t ion  and t r a n s m i t  

Command "Regular T / M  mode" 

Initiate "Exerc i se  Mobility" (A p r o g r a m m e d  sequence  of opera t ions  
and T V  exposures  which wil l  d e m o n s t r a t e  the opera t ion  of e a c h  func -  
tion of e a c h  mobili ty e l e m e n t  and of the sun s e n s o r s  and inc l inomete r )  

Initiate " F i r s t  Look" (An o p e r a t o r - d i r e c t e d  s e r i e s  of 3 - m e t e r  s t e p s  
enc i rc l ing  the S u r v e y o r  a t  a r ad ius  of 20 m e t e r s  with f r equen t  TV 
exposure out to the hor izon .  ) 

Decision - Se lec t  the 3200-me te r  s i t e  

Decision - Selec t  the s u r v e y  pa t t e rn  

Decision - Selec t  the 1 s t  s u r v e y  point 

Go  the 1s t  point. 

3 - M e t e r  S tep  Sequence  

All t r ave l  o c c u r s  in s t e p s  of 3 - m e t e r  o r  s h o r t e r  lengths .  E a c h  s t e p  
is ini t ia ted with the antenna swi tch  a t  "OMNI", Mobility ' 'OFF", TV "OFF". 
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1. 

2. Command antenna bear ing angle 

Compute antenna requi red  pointing angles  

3. Command antenna elevation angle 

4. Verify antenna pointing 

5. Command swi tch  to direct ional  an tenna  

6. Verify TV s ta tus  

7. Command TV d a t a m o d e  

8. 

9.  

Command TV expose (for dr ive)  and t r a n s m i t  

Decision (See A below if additional TV views a r e  requi red)  

10. Command " T / M  data  mode" 

11. Command "switch to omniantenna" 

12. Command "-drive" 

13. Stop a f t e r  3 - m e t e r  run .  

A .  
the following as many tip-es as n e c e s s a r y .  

If additional TV views a r e  requi red  at this point, introduce 

a.  Se lec t  r e q u i r e d  TV pointing angles  and F O V  

b. G e n e r a t e  pointing commands and F O V  command 

c .  Pos i t ion  TV in azimuth ~ 

d. Pos i t ion  TV in elemation 

e .  Adjust  FOV 

f .  Verify pointing angles  and F O V  
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g.  Command TV exposure  and t r a n s m i t  

h .  Decis ion.  

Note: T h e s e  additional views are  obtained in o r d e r  to  define 
poss ib le  h a z a r d s ,  to  s e e k  out gene ra l  rou tes ,  t o  a id  in 
c l imbing obs t ac l e s ,  e t c .  

When a s top  ( e i the r  on a t r a v e r s e  o r  as a p a r t  of a s i t e  survey)  is 

When the s top  is used  to  obtain s u r v e y  da ta ,  as is done 
used  only to obtain d r i v e  information,  then the sequence  of opera t ions  is as 
desc r ibed  above. 
within a point o r  in  making s ide  obse rva t ions  dur ing  a t r a v e r s e  between 
points,  then the sequence is that which is d e s c r i b e d  below. 
s i t ions (L, M, N, . . . . . ) are  p rede te rmined  TV views ,  e s s e n t i a l  to the s u r -  
vey, which the compute r  wil l  ca l l  f o r  as r equ i r ed .  
ins t ruc ted  to  modify the pointing and F O V  as occas ioned  by the t e r r a i n .  
ini t ia l  conditions h e r e  a r e  ident ical  with those  spec i f ied  above f o r  the o r d i -  
n a r y  3 -me te r  s t e p .  

The s u r v e y  P O -  

The compute r  wil l  be 
The 

1. 

2. 

3 .  

4. 

5. 

6. 

7. 

8.  

9. 

10. 

Sequence f o r  3-Meter  S tep  with Survey  Activity 

Compute antenna r equ i r ed  pointing ang le s  

Command antenna bear ing  angle  

Command antenna elevat ion angle  

Verify an tenna  pointing 

Command switch to d i r ec t iona l  an tenna  

Verify TV s t a tus  

Command T V  point to s u r v e y  posi t ion (L) 

Genera t e  TV bear ing  and e leva t ion  pointing and F O V  commands  

Command TV bea r ing  and e leva t ion  and  F O V  pointing commands  

V e r i f y  pointing ang le s  and F O V  
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11. Command TV da ta  mode 

12. 

13. 

Command TV expose and  t r a n s m i t  

Repea t  i t e m s  7 through 12 fo r  s u r v e y  posi t ions 

(M, N, . . . . ) as requi red  

(If the s u r v e y  s top  is to include p e n e t r o m e t e r  m e a s u r e m e n t s  o r  
s inkage observat ion,  then i t e m s  14 through 17 a n d / o r  i t e m s  18 
through 21 m a y  be introduced. ) 

14. Command TV examine t rack  

15. 

16. 

Command TV bear ing  and  elevat ion and FOV 

Verify pointing angles  and F O V  

17. 

18. Command p e n e t r o m e t e r  T / M  mode 

Command TV expose  and  t r a n s m i t  

4 

19. Command p e n e t r o m e t e r  start 

2 0 .  Complete p e n e t r o m e t e r  and t r a n s m i t  

21. Command TV da ta  mode 

22. 

23. Verify TV pointing angle  

24. 

Command T V  to d r ive  position 

Command T V  expose  (for d r i v e )  and  t r a n s m i t  

25. 

26. Command T / M  data  mode 

27. 

28. Command switch to omniantenna 

Decis ion  (See A below if  additional TV views  a r e  requi red)  

Command T V  to d r i v e  position 
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29.  Command d r i v e  

30. Stop a f t e r  30-meter run. 

A. If additional TV views a re  r e q u i r e d  a t  th i s  point, in t roduce 
the following as many t i m e s  as necessa ry .  

a. S e l e c t  r e q u i r e d  TV pointing ang le s  and F O V  

b. Generage  pointing commands  and FOV command  

c .  Pos i t i on  TV in az imuth  

d. Pos i t i on  T V  in  elevation 

e .  Adjust  F O V  

f .  Verify pointing ang le s  and  F O V  

g. Command TV expose and  t r a n s m i t  

h. Decis ion 

Note: T h e s e  additional views a r e  obtained in  o r d e r  to b e t t e r  
define possible  h a z a r d s  , to supplement  mapping o p e r -  
a t ions ,  to s e e k  out g e n e r a l  rou te s ,  to aid in  c l imbing 
obs t ac l e s ,  e tc .  

2.16 GROUND S U P P O R T  EQUIPMENT 

Ground suppor t  equipment  (GSE) is extensively covered  in  th i s  s ec t ion  
s ince  the re  is no additional discussior!  in  Book 2 .  A GSE plan f o r  SLRV 
h a s  been p repa red  based  on information gained during the P h a s e  I s tudy.  
Both the pre- launch operat ional  prof i le  f o r  the SLRV and the ins ta l la t ion  
and support  plan f o r  DSIF equipment  are  included. 
made f o r  Phase  I1 implementat ion of the s u p p o r t  s y s t e m  requ i r emen t s .  

Recommendat ions  a re  

2 .  16. 1 Requirements  

The b a s i c  r equ i r emen t s  which def ine  the  GSE e l emen t s  a r e  devel -  
oped through a n  opera t ions  and  main tenance  a n a l y s i s  of the pre- launch  plan 
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f o r  SLRV and of the installation and operation of the DSIF ground operat ing 
equipment.  
sequent ia l  events  which take place f r o m  f inal  acceptance at the fac tory  through 
miss ion  completion. Support  requi rements  a r e  then identified f o r  e a c h  o p e r a -  
tional activity.  
f o r  the SLRV and DSIF equipments.  
through P h a s e  I1 until e v e r y  i t e m  of GSE h a s  been def inedand until the p r o -  
f i les  r e p r e s e n t  an  a c c u r a t e  descr ipt ion of the operat ion compatible  with SLRV 
design and f inal  miss ion  plans.  

This  ana lys i s  p r i m a r i l y  involves a s tep-by-s tep  definition of the 

F i g u r e s  2. 16-1  and 2. 16-2 i l lus t ra te  the operat ional  prof i les  
Refinement of the prof i les  will  continue 

2.16.  1. 1 SLRV P r e - L a u n c h  Operation P r o f i l e  

The  SLRV pre- launch operational profile ( F i g u r e  2. 16-  1) follows 
the p r e l i m i n a r y  sequences es tab l i shed  f o r  the Surveyor  Spacecraf t .  
SLRV and the modifications r e q u i r e d  f o r  Surveyor  will  be de l ivered  to 
Hughes A i r c r a f t  Corporat ion i n  Culver  City,  Cal i fornia  f o r  init ial  ins ta l la -  
tion and integration. In accordance  with the Surveyor  pre- launch  plan, the 
a s s e m b l e d  s p a c e c r a f t  s y s t e m  will  then be subjected to combined s y s t e m  
t e s t s  and s imula ted  launch pad act ivi t ies  with the Centaur  Stage a t  G e n e r a l  
Dynamics  in San Diego, California.  Following these  t e s t s ,  the individual 
s y s t e m s  will  be d i s a s s e m b l e d  and  shipped to AMR for  f inal  checkout, C a l i -  

brat ion,  r e a s s e m b l y ,  and launch. Two complete  s y s t e m s  follow through 
this  sequence;  however ,  one i s  held a t  the launch s i te  as back-up in c a s e  
of fa i lure  in the f i r s t  flight unit. 

The 

The SLRV i s  a s s e m b l e d  and acceptance tes ted  at Bendix in i t s  
f ina l  f l ight configuration except f o r  explosive devices  and the RTG fuel cap-  
su le .  Installation of the fuel capsule  at the l a s t  possible  m o m e n t  p r i o r  to 
launch is necess i ta ted  as a r e s u l t  of the l imi ted  radio ac t ive  half-l ife.  The  
p r e l i m i n a r y  design includes a life expectancy of approximately seventeen 
days  in addition to a ninety-day m i s s i o n  capabili ty.  
l imi ta t ion  and s t i l l  re ta in  a c c u r a c y  in s imulat ion of the power source ,  a n  
e l e c t r i c  h e a t e r  e lement  is init ially installed in the RTG. 
compl ished  using this h e a t e r  until fina1 rep lacement  with the act ive e lement  
at AMR. 
seventeen-day,  e x c e s s  - i i fe  per iod must  be adhered  to, including t r a n s i t  
time to the moon. 

T o  accommodate  this  

All tes t ing is a c -  

Timing f o r  the f inal  installation is somewhat  c r i t i ca l ,  in that  the 

An additional r e q u i r e m e n t  of the  RTG design which m u s t  be ob-  
s e r v e d  is that of l imit ing the n u m b e r  of heating and cooling-down cyc les .  
T h i s  r e q u i r e m e n t  is s a t i s f i e d  in the pre-launch plan by providing standby 
power  to the e l e c t r i c  h e a t e r  continuously through a l l  opera t ions ,  including 
sh ipment .  
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An a l t e rna te  approach  towards  solution of the RTG suppor t  p rob -  
l e m  h a s  been cons ide red  but t e m p o r a r i l y  r e j ec t ed  because  of e s t i m a t e d  t e s t  
cor re la t ion  diff icul t ies .  This  plan sugges t s  u s e  of a t e s t  o r  dummy RTG 
unit with final r ep lacemen t  of the complete ac t ive  RTG a t  the launch s i t e .  A 
f inal  approach  towards  these  p rob lems  will  be se l ec t ed  dur ing  P h a s e  I1 as 
m o r e  information on the RTG becomes  avai lable .  

Af t e r  complet ing fl ight acceptance  t e s t s  a t  Bendix, the SLRV is 
shipped to Hughes A i r c r a f t  Corpora t ion .  A functional checkout is a c c o m -  
pl ished with the SLRV functional t e s t  equipment group a t  Hughes, p r i o r  to 
integration with the Surveyor  Spacecraf t .  

T h e  s t r u c t u r a l  modif icat ions and the R F  ranging t r ansponder  a re  
ins ta l led  on the spacec ra f t  and checked out before  a s s e m b l y  of the SLRV. 
The integrat ion sequences  include a mechanica l  i n t e r f ace  check,  a n  umbil i -  
c a l  function check  p r i o r  to  mat ing,  and compatibi l i ty  t e s t  of the R F  ranging 
equipments. Af te r  mat ing,  functional t e s t s  are  p e r f o r m e d  using the S u r -  
veyor  S y s t e m  t e s t  equipment a s s e m b l y  (STEA) supplemented  with SLRV con-  
t r o l  and monitoring equipment .  
tion with the spacec ra f t  a r e  l imi t ed  to monitor ing of gene ra l  housekeeping 
data .  
ins ta l led  in l ieu of explosive devices .  

Funct ional  t e s t s  of the SLRV a f t e r  i n t eg ra -  

Deployment capabi l i ty  is ver i f ied  through manual  r e l e a s e  of pull  pins 

Integrat ion of the SLRV/Spacec ra f t  S y s t e m  with the Cen tau r  S tage  
a t  San  Diego p r i m a r i l y  involves Surveyor  i n t e r f a c e s ;  however ,  s o m e  spec i f ic  
SLRV suppor t  p rob lems  m u s t  be accommodated  such  as continuation of the 
RTG e lec t r i c  power s o u r c e  and  hea t  r emova l .  S y s t e m  t e s t s  a r e  p e r f o r m e d  
using the Hughes su rvey  launch opera t ions  t r a i l e r  (SLOT) supplemented  with 
SLRV cont ro l  and moni tor  equipment .  

Af te r  complet ion of combined s y s t e m  t e s t s  a t  G e n e r a l  Dynamics ,  
the Centaur ,  the Surveyor ,  and the SLRV a r e  d i s a s s e m b l e d  and  a r e  packed 
f o r  shipment  to AMR. Upon r ece ip t  of the SLRV a t  AMR, a comple te  check  
of cal ibrat ion and  a l ignment  s i m i l a r  to that  p e r f o r m e d  dur ing  accep tance  
t e s t s  a t  Bendix is init iated.  Th i s  t e s t  is p e r f o r m e d  in the s p a c e c r a f t  check-  
out facility. 
t i m e  before launch to obtain a c c u r a t e  ca l ib ra t ion  da ta .  The  SLRV functional 
t e s t s  wil l  include dynamic t e s t s  of mobil i ty  funct ions on the mobil i ty  t e s t  
f ix ture .  
mi s s ion  of commands  and t e l e m e t r y  to and  f r o m  the SLRV i s  included as 
p a r t  of the t e s t  p rocedure .  

Cr i t i ca l  op t ica l  m e a s u r e m e n t s  are  p e r f o r m e d  f o r  the f inal  

It may be r e q u i r e d  tha t  the t e s t  area be R F  sh ie lded  s ince  t r a n s -  

T e m p e r a t u r e  c o n t r o l  equipment wil l  a l s o  be 
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0 Pre launch  Activities 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
I2  
13 
14 
15 
16 
17 
18 
19 
20 

SLRV Functional Tes t  
Sensor  Alignment and Calibration 
Packing and Shipping 
Surveyor  Modification Functional Test  
Installation of Mods on Surveyor  Spacecraft  
Installation of SLRV on Surveyor  Spacecraft  
Uncrating and Receiving Inspection 
Integrated SLRVISurveyor Functional T e s t s  
Disassemble  SLRV f rom Surveyor 
Instal l  R T C  Fuel  Capsule 
Evacuate R T C  and Fi l l  with Iner t  Gas 
Install Pyrotechnic Devices In SLRV and a t  Deployment Interfaces 
GSE Functional T e s t s  
Integrate SLRV Supplementary Control and  Monitor CSE with Surveyor System T e s t  Equipment Assembly (STER) 
Integrate SLRV Supplementary Control and Monitor CSE wlth Surveyor Launch Operations T r a i l e r  (SLOT) 
Instal l  a c / o  Blockhouse SLRV Monitor Console 
Calibrate CSE 
Wt. Balance and C / C  T e s t  
Checkout Surveyor Umbilical Functions P r i o r  to Mating SLRV 
SLRV Cooling (Required Continuously) 
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CSE-Requirements 

1 
2 
3 
4 
5 
6 
7 
8 
9 

!(I 

I 1  
I 2  
13 
14 
1 5  
16 
17 
18 
19 
2 0  
21  
2 2  
2 3  
24 
25 
26 
27 

SLRV Functional T e s t  Equipment Croup 
SLRV Sensor  Alignment and Calibration Equipment 
SLRV Weight, Balance and Center  of Gravity Stand 
SLRV Handling Equipment 
SLRV Shipping Container 
Transponder  T e s t  Set 
Deployment Mechanism T e s t  F ix ture  
Transponder  Shipping Container 
Deployment Mechanism Shipping Container 
Installation Tools (Common) 
Surveyor/SLRV Umbilical Function Test Set. 
Supplementary Control and Monitor Equipment for  Integration wlth Surveyor  STEA and SLOT 
SLRV Cooling Equipment 
RTC Elec t r ic  Heater Power  Supply 
Vacuum Pump 
Iner t  Gas  P r e s s u r i z a t i o n  Equipment 
R T C  Fuel  Shipping Container 
RTG Fuel  Functional T e s t  Equipment 
Squib T e s t e r  (GFE)  
SLRV Block House Monitor Console 
Special  Calibration Equipment 
SLRV Transpor ta t ion  Dolly 
Squib Shorting Plugs 
Deployment Mechanism Pull  P ins  
Optical Alignment Facil i ty 
Spares  Shipping Containers 
Surveyor  Spacecraf t  Cooling (HAC) 

F igure  2. 16- 1 SLRV Prelaunch Operational Profile 
2-121 /2 -122  
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required to d iss ipa te  heat  f r o m  the S L R V  s t r u c t u r e .  The  SLRV checkout 
faci l i ty  should provide a suitable,  non-explosive area f o r  receiving, un- 
c ra t ing ,and  visual  inspection, a c lean  room a r e a  and a bonded s t o r e s  a r e a  
f o r  s t o r a g e  of space  p a r t s .  

F r o m  the checkout area, the SLRV is moved into the explosive 
safe  area and is p r e p a r e d  f o r  final miss ion  configuration. The RTG fuel 
capsule  is rece ived  and functionally tested at this  t ime and is instal led in 
the SLRV, replacing the e l e c t r i c  hea te r  e lement .  When the heating e l e m e n t  
is replaced,  the RTG h e r m e t i c  s e a l  must  be broken during the operat ion 
with subsequent evacuation of a tmosphere ,  p ressur iza t ion  with a n  i n e r t  gas ,  
and resea l ing .  
to a s s u r e  proper  operat ion of the RTG with the ac t ive  fuel.  

The uni t  is then subjected to a final g r o s s  functional check 

Explosive devices  which have been subjected to individual no- f i re  
t e s t s  a r e  instal led a t  this  point and the S L R F  is p r e p a r e d  and in tegra ted  into 
the f l ight-ready Surveyor  Spacecraf t .  

Remaining procedures  pr ior  to launch follow s tandard  S u r v e y o r  
sequences  including spacecraf t  weight, balance,  cg check, fa i r ing  ins ta l la -  
tion, confidence checks,  on-pad mating, and  s y s t e m  monitoring during 
countdown procedures .  Cooling air for the SLRV m u s t  be supplied by S u r -  
veyor  GSE p r i o r  to mat ing on the pad and by Centaur  air conditioning equip- 
m e n t  during pad checkout. SLRV functions which r e q u i r e  monitoring a f t e r  
instal la t ion with Surveyor  include genera l  housekeeping data  such as power 
supply voltages and t e m p e r a t u r e s .  
as at Hughes A i r c r a f t  Corporat ion with specif ic  SLRV control  and moni tor -  
ing equipment.  

The SLOT and the STEA a r e  supplemented 

SLRV s ta tus  will  be monitored during launch pad procedures  by a 
s p e c i a l  SLRV blockhouse monitor  console.  
with the supplementary SLRV control  and monitor  equipment included in the 
SLOT. All on-pad checkout of the SLRV is provided through the S L O T / S u r -  
v e y o r  R F  link. 

This  console  is interconnected 

No d i r e c t  in te r faces  between GSE and the SLRV exis t .  

2. 16. 1. 2 DSIF Ground Operating Equipment Installation and Operat ional  
P r o f i l e  

F i g u r e  2. 16-2 i l l u s t r a t e s  the bas ic  concept f o r  the ac t iv i t ies  i n -  
volved in instal la t ion and operat ion of GOE. 
tion sequences  will  be f i l led in during P h a s e  I1 a s  f irm hardware  configura-  
t ions become available.  

Complete detai ls  of the i n t e g r a -  
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The m a j o r  e l emen t s  of GOE a r e  shown a t  the lef t  of the d i a g r a m .  
Af t e r  acceptance t e s t s  of the individual equipments a t  Bendix, the m a j o r  
e l e m e n t s  will be shipped to the SFOF a t  JPL f o r  in tegra t ion  with exis t ing 
equipment fac i l i t i es .  
ment ,  a l l  operat ing equipments  wil l  be init ially in tegra ted  and opera t iona l ly  
ve r i f i ed  a t  J P L  be fo re  instal la t ion a t  a s s o c i a t e d  DSS. Additional equipment 
not unique to the SLRV miss ion  and r e fe renced  a s  m i s s i o n  independent equip-  
men t  is provided under JPL  cognizance and  is in tegra ted  into the s y s t e m  
concur ren t  with the SLRV GOE. 
s y s t e m  net but is not the d i r e c t  respons ib i l i ty  of the SLRV con t rac to r .  
e v e r ,  SLRV miss ion  r equ i r emen t s  m a y  have a n  effect  on de te rmin ing  i t s  
necess i ty  and pe r fo rmance  c h a r a c t e r i s t i c s .  

In acco rdance  with es tab l i shed  pol ic ies  f o r  DSIF equip-  

This  equipment is r equ i r ed  to comple te  the 
How- 

Initial checkout  and functional instal la t ion of the SLRV GOE a t  
S F O F  r e q u i r e s  the suppor t  of cons iderable  t e s t  equipment .  Much of this  
equipment  can  be gene ra l  purpose  l abora to ry  equipment but those  spec ia l  
i t e m s  n e c e s s a r y  wil l  be suppl ied as GSE by the SLRV con t rac to r .  
g ra t ion  of the G O E  e l emen t s  with SFOF equipment p r o g r e s s e s ,  l e s s  of the 
individual G S E  is r equ i r ed  s ince  complemen ta ry  GOE i t e m s  provide t h e i r  
own in t e r f aces .  Ultimately,  a f inal  s y s t e m  demons t r a t ion  a t  SFOF can  be 
suppor ted  by  a SLRV s imula to r  and a s e t  of i n t e r f ace  equipment s imula t ing  
the DSS functions.  

AS in t e -  

After  acceptance  of functional e l e m e n t s  a t  JPL,  those r equ i r ed  
f o r  instal la t ion a t  var ious  r e m o t e  DSS a r e  packaged and  shipped to  the r e -  
spec t ive  s i t e s .  An in tegra t ion  sequence  a t  r e m o t e  s i t e s  i s  r equ i r ed  which 
u s e s  spec ia l  GSE fo r  functional i n t e r f a c e s .  
checkout ,  the DSIF network is in tegra ted  and functional compat ibi l i ty  demon-  
s t r a t i o n s  a r e  pe r fo rmed  using the SLRV s i m u l a t o r .  
s ide rab le  amount of o p e r a t o r  t ra in ing  is r e q u i r e d  to ver i fy  the opera t iona l  
funct ions of the GOE s y s t e m .  
should be supported through r e m o t e  ope ra t ion  of the SLRV s i m u l a t o r  on a 
spec ia l ly  p repa red  t e s t  c o u r s e .  

Af t e r  a f inal  s y s t e m  functional 

Following th is ,  a con-  

T h e s e  demons t r a t ions  and  t ra in ing  e x e r c i s e s  

Simulated mis s ion  funct ional  t e s t s  wi l l  be p e r f o r m e d  to  v e r i f y  

The  
man /mach ine  functional re la t ionships  of equipment  and  o p e r a t o r .  
opera t iona l  and o p e r a t o r  main tenance  funct ions wil l  be pe r fo rmed .  
SLRV simulator will  be used dur ing  the s i m u l a t e d  m i s s i o n  t e s t s .  
o the r  things, the t e s t s  wil l  ve r i fy  o r  eva lua te  by demons t r a t ion  of the fo l -  
lowing: 

Both 

Among 
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1. 

2. 

3. 

4. 

5. 

6. 

E a s e  of o p e r a t o r  control 

Pos i t ive  control  a s s u r a n c e  

SLRV navigational problem solving 

O p e r a t o r  proficiency 

Maintainabili ty of equipment 

Miss ion  problem solving. 

Simulated m i s s i o n  training and confidence t e s t s  wil l  e n s u r e  
that the actual  opera tor  can  p e r f o r m  his ass igned  function r e m e m b e r i n g  
what he h a s  previously s ignaled,  visualizing the exac t  mode of the SLRV 
with r e g a r d  to position of t r a c k s ,  speed, a t t i tude,  az imuth ,  and r a t e  of 
turning.  
o p e r a t o r s  coordinate SLRV requi rements .  

I t  a l s o  t r a i n s  the group to work as  a t e a m  to e n s u r e  that the 

The  equipment i s  now in  a condition for  operat ion r e a d i n e s s .  
I t  wi l l  be continuously cycled for  a s s u r a n c e  monitoring and  cal ibrat ion.  
During countdown the equipment w i l l  be turned on and  checkout for  act ive 
uti l ization wil l  be p e r f o r m e d .  

2. 1 6 . 2  GSE Design Concept 

T h e  GSE items r e q u i r e d  f o r  suppor t  of the SLRV s y s t e m  e lements  

T h r e e  c a t e g o r i e s  of equipment a r e  shown: 
identified i n  the operat ional  profile a r e  grouped for convenience in  the 
h a r d w a r e  t r e e ,  F i g u r e  2. 16-3. 
(1)  that  equipment r e q u i r e d  to support  the SLRV vehicle and i t s  subsys  - 
terns ,  (2)  that  r e q u i r e d  to  support  the modifications to be made  to the 
Surveyor  Spacecraf t ,  and  ( 3 )  that  equipment r e q u i r e d  to  support  the i n -  
s ta l la t ion and operat ion of the DSIP GOE. 
expanded to show the individual i t ems  requi red  for functional checkout,  
and main tenance ,  shipping, handling, and t ranspor ta t ion  of the end i t e m s ,  
s e r v i c i n g ,  and al ignment  and  cal ibrat ion.  

T h e s e  c a t e g o r i e s  a r e  f u r t h e r  
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2.  16. 2 .  1 GSE fo r  the SLRV 

SLRV Funct ional  T e s t  Group 

The  SLRV functional t e s t  group includes the equipment  r e -  
qu i r ed  to  t e s t ,  ca l ib ra t e ,  a l ign,  and fault i so la te  the e l ec t ron ic  and 
e lec t romechanica l  functions of the vehicle sys t em.  
g r a m  of the in tegra ted  t e s t  s e t  up is shown in  F i g u r e  2. 16-4. 

A functional block d i a -  

E lec t ron ic  and  e lec t romechanica l  i n t e r f aces  between the check-  
out equipment  and the SLRV a r e  shown at the r ight  hand s ide of the d i ag ram.  
T h e s e  in t e r f aces  include the following functions: 

1. 

2 .  

3 .  

4. 

5. 

6.  

7.  

8. 

9. 

10. 

Command 

T e l e m e t r y  

R F  ranging 

SLRV power 

Mechanical  i n t e r f aces  with the t r ac t ion  d r ive  mechan i sms  
(TDM) 

St imulat ion of the sun  s e n s o r s  

T V tar ge ts  

Surveyor  /SLRV umbilical  functions 

T e s t  connec tors  on var ious  subsys t em components 

Mechanical  i n t e r f aces  with the pene t romete r  and  inclino - 
m e t e r .  

Commands  a r e  or ig ina ted  a t  the m a i n  t e s t  cont ro l  console via  
the con t ro l s  on the CDC command ent ry  pane l .  
s e l e c t e d  and p r o g r a m m e d  one a t  a t ime by the ope ra to r  cont ro ls  o r  sequen-  
t ia l ly  through the pape r  tape r e a d e r  available in  the S u r v e r y o r  CDC command 
s u b s y s t e m s .  Encoding of commands  into the c o r r e c t  f o r m a t  and modulation 
of a n  SCO is a l s o  accompl ished  by the CDC command subsys t em.  

T h e  commands  can  be 

The  
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modulated s u b c a r r i e r  is then applied to the R F  modula tor  o r  can be d i r e c t -  
e d  to the Surveyor  s imula to r  junction box for  s ignal  process ing .  
l a t t e r  function dupl icates  the Surveyor  in te r face  fo r  checkout of the SLRV 
via umbi l ica l  connect ions.  
a modulated R F  t e s t  s ignal  which i s  adjustable  in  f requency,  output leve l ,  
and modulation leve l  s o  that  the var ious p a r a m e t e r s  of the SLRV command 
r e c e i v e r  and decoder  subsys tem can  be comple te ly  t e s t ed .  
f r o m  the s ignal  gene ra to r  is  applied to  the R F  junction panel which provides  
appropr i a t e  switching, sampling,  and f i l ter ing.  Connection to the SLRV 
can  be provided e i the r  h a r d  w i r e  o r  through an  a i r  l ink via antenna coup- 
l ing.  

T h i s  

The  command R F  signal  gene ra to r  provides  

The  output 

The  t e l e m e t r y  f r o m  the SLRV is s i m i l a r l y  coupled via  h a r d  
T h e  ma in  

Appro -  

The  I F  output of the r ece ive r  

w i r e  o r  antenna l ink and i s  applied to  the R F  junction panel.  
R F  power s ignal  i s  d i r ec t ed  to a load and an R F  power m e t e r .  
p r i a t e  l eve l s  a r e  sampled  and coupled to f requency  and s p e c t r u m  analys is  
equipment ,  and to a t e l eme t ry  r e c e i v e r .  
is r e c o r d e d  on magnet ic  tape for  a permanent  t e s t  r e c o r d  p r i o r  to being 
demodulated.  
which is then appl ied to the Surveyor  C D C  decommutat ion equipment ,  and 
the TV da ta  p r o c e s s o r .  The reconditioned data  a r e  a l s o  r eco rded  on 
magnet ic  tape for  subsequent  playback i f  n e c e s s a r y .  Decommutated data  
a r e  appl ied to the tes t  sequence p r o g r a m m e r  where  they a r e  sampled  and  
conditioned for  analog and digital  d i sp lays .  
TV da ta  p r o c e s s o r  and the scan  conver te r  for  p rocess ing ,  s t o r a g e ,  and 
display.  
ana lyses  of p ic ture  quali ty and pointing a c c u r a c i e s .  
a r e  a l s o  produced in  the photo recording equipment  to enable complete  
ana lys i s  of TV resolut ion and to provide pe rmanen t  t e s t  r e c o r d s .  
a r r a y  of c h a r t  r e c o r d e r s  and digi ta l  p r in t e r s  provide pe rmanen t  r e c o r d s  
and  t ime  h i s to r i e s  of se lec ted  analog and digital  t e l eme t ry  da ta .  

The  t e l e m e t r y  p rocesso r  recondi t ions the s e r i a l  bit  s t r e a m  

TV data  a r e  applied to the 

Over - l ays  f o r  the TV monitor  a r e  provided to  allow quick-look 
P e r m a n e n t  r e c o r d s  

An 

T e l e m e t r y  inputs a r e  a l s o  provided to the recondi t ioner  via 
the Surveyor  s imula tor  J box and  the umbilical  connection. 
provides  a check of the SLRV/Surveyor  t e l e m e t r y  in t e r f ace .  

T h i s  function 

Additional s ignals  m a y  be p r o g r a m m e d  through the umbi l ica l  
f r o m  the Surveyor  s imula to r  J box to s imula te  deployment commands .  
Outputs f r o m  the vehicle a r e  interconnected to the display console via 
t e s t  connec to r s  which rep lace  explosive devices .  
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The  SLRV DC power s o u r c e  is  provided by using a n  e l e c t r i c  
h e a t e r  e lement  which r e p l a c e s  the act ive RTG fuel ce l l .  
in the tes t  s e t  provides  the e x t e r n a l  power source .  
based  upon instal la t ion of the RTG minus  fuel ( o r  a s imula ted  RTG) during 
the factory build-up p r o c e d u r e s  of the SLRV and fueling i t  a t  the launch 
s i te .  
complex  in that  it is n e c e s s a r y  to keep  the RTG f r o m  cooling down within 
a prede termined  number of c y c l e s .  I n  addition, the instal la t ion and 
operat ion of the e l e c t r i c  hea te r  and  the ul t imate  instal la t ion of the rad io-  
act ive fuel during prelaunch operat ions r e q u i r e  that  the RTG t h e r m o -  
couples remain i n  a n  i n e r t  a t m o s p h e r e .  
simulation of the RTG output c h a r a c t e r i s t i c s  in  the t e s t  s e t  power supply.  
T h i s  simulation would be difficult and might  provide t e s t  results that  
would not c o r r e l a t e  with actual  RTG p e r f o r m a n c e .  
p r o b l e m s  m u s t  be completed in P h a s e  I1 p r i o r  to  making a f ina l  decis ion.  

A power supply 
T h i s  approach  i s  

The overa l l  support  p roblem through the prelaunch sequences is  

An a l te rna te  approach  is  to  provide 

A study of these  suppor t  

The  interface with the SLRV TDM is provided through a n  
electromechanical  t e s t  f ixture .  Control  of the f ixture  m e c h a n i s m  i s  
or iginated at the TDM fixture control  panel and readouts  a r e  displayed at 
the control and monitor  console.  
re fe rence  p a r a m e t e r s  with vehicle t e l e m e t r y  r e s p o n s e s  a r e  avai lable  a t  
the display panel and subsequent ana lys i s  is  provided through p e r m a n e n t  
r e c o r d s  on c h a r t  r e c o r d e r s .  

Simultaneous c o m p a r i s o n  of f ixture  

T h e  mobil i ty  t e s t  f ixture  ( F i g u r e  2 .  16-5)  c o n s i s t s  of a b a s i c  
f r a m e  and mounting p la tes  for  e a c h  function of t e s t .  
c o n s i s t s  of two welded and al igned s t r u c t u r e s  which c l a m p  a t  e a c h  half  
of the S L R V  vehicle.  
and calibrating the following: 

The  bas ic  frame 

T h e  mobil i ty  t e s t  f ixture  i s  capable  of checkout 

1 .  

2 .  

3. 

4. 

5 .  

T r a c t i o n  d r i v e  m e c h a n i s m  

Odometer  m e c h a n i s m  

T r a c k  pivoting capabili ty 

S t r u c t u r e  turning capabi l i ty  

Command r e s p o n s e .  
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The s t r u c t u r e  s t ee r ing  capabili ty t e s t  f ixture  cons i s t s  of 
two f la t  plates  a r t icu la ted  to r e a s s e m b l e  the movement  of the vehicle 

The  t r a c k  dr iving mechan i sm f ixture  cons i s t  of a f la t  plate 
on which is  mounted four  t r a c k  a s s e m b l i e s  s i m i l a r  to the SLRV t r a c k s .  
T h e s e  t r acks  a r e  located d i rec t ly  under e a c h  vehicle t r a c k  and adjustable  
to maintain a p re -de te rmined  p r e s s u r e  on each  t r a c k  to s imula te  the g r a -  
vity environment  exper ienced  on the lunar  su r face .  
pivoted about the cen te r  dr ive  wheel  which is  coupled to a magnet ic  b r a k e .  
T h i s  center  pivot of the t e s t  t r a c k  maintains  a n  equal  load d is t r ibu t ion  on 
the vehicle t r a c k .  

E a c h  t e s t  t r a c k  is  

The ca l ibra t ion  of the odometer  reading is accompl ished  by 
a similar method, using a s m a l l e r  t e s t  t r a c k .  

The  command re sponse  and pivoting checkouts  a r e  a c c o m -  
pl ished by the t e s t  console  readout ,  and manua l  opera t ion .  

The  pene t romete r  t e s t  i s  accompl ished  by probing a known 
Th i s  t e s t  r e q u i r e s  that  the vehicle and handling frame be 

The  pene t romete r  
so i l  sample .  
mounted on  a stand above a p r e - t e s t e d  so i l  s ample .  
is  then operated by command f r o m  the t e s t  s e t ,  and r eco rd ings  noted.  

Stimulation of the TV s e n s o r  is  provided through u s e  of 
i l luminated TV t a r g e t s  and t e s t  pa t t e rns .  
a t ed  via  compar ison  of photo record ings  of the t e l e m e t e r e d  data  with 
s t anda rd  pa t te rns  and g r e y  s c a l e s .  
pointing accu rac i e s  and f ie lds  of view a r e  accompl ished  through a s y s t e m  
of opt ical  in s t rumenta t ion .  

Sys t em pe r fo rmance  is  eva lu-  

Cal ibra t ion  and a l ignment  of the TV 

The sun s e n s o r  is  s t imula ted  by a co l l imated  l ight s o u r c e  
loca ted  a t  a p rec i se  point ex te rna l  to the vehic le .  
tion, alignment,  and  acceptance  t e s t  i s  accompl ished  by the opt ical  i n -  
s t rumenta t ion  and rotat ing t i l t  table .  
the optical  s y s t e m  a r e  c o m p a r e d  to t e l e m e t e r e d  informat ion .  

T h e  complete  c a l i b r a -  

Re fe rence  a t t i tudes  e s t ab l i shed  by 

P e r f o r m a n c e  of the R F  ranging equipment  of the SLRV i s  
evaluated by use  of a spec ia l  purpose t r ansponder  desinged to s imula te  
a range of d i s tances .  
through hardwire  connections o r  through an  antenna l ink.  Switching in  
the R F  panel allows m e a s u r e m e n t  of R F  power ,  f requency ,  and s p e c t r u m .  

The  R F  s igna ls  a re  fed to and  f r o m  the SLRV 

2 -  134 1111 1 



BSR 903 

A complete  self-ver i f icat ion capabi l i ty  is provided in  the 

The  R F  se l f - t e s t  unit  in conjunction with command decoders  
equipment  group to enhance the confidence and re l iab i l i ty  of the t e s t  
r e s u l t s .  
and P C M  s imula to r s  a l lows c losu re  of the test equipment  in te r face  loops 
for  a complete  checkout of the GSE operat ion.  
equipment  wi l l  be designed to  provide fault  isolat ion of the t e s t  s y s t e m  to 
rep laceable  d r a w e r  l eve l s  to inc rease  maintainabi l i ty  and avai labi l i ty .  

In  addition, the self-test 

P r e l i m i n a r y  configurations of the equipment  r equ i r ed  to im-  
p lement  the SLRV functional t e s t  group are i l l u s t r a t ed  in  F i g u r e  2. 16-6.  
The  e l ec t ron ic  equipment  has  been functionally subdivided fo r  housing in  
f ive console  e n c l o s u r e s .  

1. T e s t  cont ro l  and monitor  console  

2. SLRV in te r face  console 

3 .  Data p rocess ing  console 

4.  R e c o r d e r  console 

5.  Self t e s t  console .  

P r e l i m i n a r y  investigations show that  many- of the SLRV test 
functions a r e  similar o r  duplicate those r e q u i r e d  for  Surveyor  t e s t  and 
checkout .  
it r e q u i r e s  only duplication. Other  SLRV t e s t  functions duplicate those 
being cons idered  fo r  SLRV GOE to be ins ta l led  a t  SFOF.  
m e n t s  wi l l  be u s e d  fo r  both pu rposes  w h e r e  poss ib le .  

Since the Surveyor  equipment h a s  been designed and fabr ica ted ,  

Ident ical  equip-  

P r e s e n t  planning is  to extend the design of the functional t e s t  
g roup  to  the point of sophis t icat ion wherein t e s t  data  can  be r eco rded ,  c o m -  
pi led,  and  u s e d  i n  computer  p rograms  to  imp lemen t  fa i lure  t r e n d  ana lys i s  
during the l ife of the SLRV. T e s t  data accumula ted  throughout the fac tory  
and  pre launch  sequences  wil l  be co r re l a t ed  with m i s s i o n  r e c o r d e d  da ta  to 
comple te  the time h i s to ry .  I t  is  possible ,  through these  ana lyses ,  tha t  
p red ic t ions  of pending f a i l u r e s  can  be m a d e  and degraded  m i s s i o n  sequences  
in i t ia ted  to prolong the equipment  l i f e .  Studies  during P h a s e  I1 in  con-  
junct ion with GSE, re l iab i l i ty ,  and  maintainabili ty engineer  s a s  wel l  as 
wi th  the SLRV and GOE des igne r s  will be under taken  to implement  th i s  
p r o g r a m .  
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Figure  2 . 1 6 - 6  Funct ional  T e s t  Group Equipment  Configurat ion 
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P r e  -Launch Checkout Equipment  Group 

The  pre launch  checkout equipment group provides  i t e m s  of 
functional t e s t  and  moni tor  equipment n e c e s s a r y  to suppor t  ac t iv i t ies  a f t e r  
in tegra t ion  of the SLRV wi th  the Surveyor  Spacec ra f t  and  up until  the 
t ime  of launch. 

P r e s u m a b l y  t e s t  in te r faces  wil l  not be avai lable  to the SLRV 
All  command i tself  after the vehicle h a s  been  in tegra ted  with Surveyor .  

and moni tor  functions r e q u i r e d  for  SLRV checkout wi l l  consequently be 
p r o c e s s e d  through the Surveyor  /SLRV umbi l ica l  connect ions,  and the 
GSE in te r face  wi l l  be s t r i c t ly  between Surveyor  equipments .  
amount  of cont ro l  and moni tor  equipment wi l l  be r e q u i r e d  to  supplement  
the Surveyor  Sys t em t e s t  equipment  a s sembly  f o r  i n t eg ra t ed  s y s t e m  tests. 

A min imum 

Duplicate supplementary  moni tor  and  cont ro l  equipment  wi l l  
be provided for  integrat ion with SLOT for  launch pad checkout.  T h i s  
equipment  wi l l  in te r face  with the SLRV blockhouse moni tor  console which 
wi l l  be used  during countdown p rocedures  to  moni tor  SLRV condition. 

Support  of integrat ion sequences at AMR w i l l  r equ i r e  the u s e  

I t  is  expected that th i s  t e s t e r  i s  avai lable  
of a squib t e s t e r  for  checkout of pyrotechnics  p r i o r  to  instal la t ion in the 
SLRV deployment mechan i sm.  
and  need  not be dupl icated.  

F ina l  disposi t ion of the method for  handling the RTG wil l  de -  
t e r m i n e  the ul t imate  GSE requ i r emen t s  in this  area.  
approach  r e q u i r e s  that  a test s e t  be avai lable  fo r  checkout of the RTG 
fue l  c e l l  on r ece ip t  of the unit a t  the launch s i te  and  p r i o r  to  instal la t ion.  
It is v isua l ized  that this unit  probably wi l l  be a t h e r m a l  m e a s u r i n g  device: 
poss ib ly  a s t anda rd  RTG thermocouple  unit. 
i n  the test s e t  and  output voltage and c u r r e n t  m e a s u r e m e n t s  would ve r i fy  
the t h e r m a l  output of the r ad io  active fuel .  

The  sugges ted  

The  fuel ce l l  would be p laced  

SLRV Alignment  and Cal ibrat ion Equipment  Group 

T h i s  group of equipment includes a weight ,  ba lance ,  and 
cg  test s tand,  a rotat ing t i l t  t ab le ,  and a s y s t e m  of opt ical  i n s t rumen t s .  
T h e s e  equipments  a r e  r equ i r ed  f o r  supporting c r i t i c a l  a l ignment  ad jus t -  
m e n t s  and m e a s u r e m e n t s  and for  performing ca l ibra t ion  p rocedures  which 
are n e c e s s a r y  to  supplement  miss ion  navigational techniques.  
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. I  

T h e  navigational concept for  the SLRV Sys tem r e q u i r e d  p r e  - 
c i s e  knowledge of the relat ive angles  between the inc l inometer ,  the sun 
s e n s o r ,  a n d  the T V  c a m e r a .  Some difficulty is  foreseen  in retaining the 
r e q u i r e d  accurac ies  between these s e n s o r s  because of s t r u c t u r a l  bending 
and misal ignments  as  the vehicle t r a v e r s e s  var ious  t e r r a i n s .  The  bas ic  
SLRV s t ruc tura l  design wil l  reduce these  p r o b l e m s  to  a m i n i m u m .  How- 
e v e r ,  final a l ignments  and cal ibrat ion p r o c e d u r e s  m u s t  be p e r f o r m e d  
under prec ise ly  control led conditions to enable compilation of ac tua l  
vehicle per formance  data .  
gravi ty  forces  to pred ic ted  conditions of l u n a r  grav i ty  i s  of m a j o r  con-  
sequence.  
accommodate  a s  m u c h  of the cal ibrat ion as  possible  in  an  e a r t h  envi ron-  
ment ;  however,  a complete study of this p r o b l e m  wil l  be undertaken during 
P h a s e  11. 
quir ing a complete navigation cal ibrat ion p r o c e d u r e  p e r f o r m e d  during 
ini t ia l  checkout of the SLRV a f t e r  deployment on the l u n a r  sur face .  

The t ransformat ion  of data  taken under e a r t h  

The  equipment concepts d e s c r i b e d  below wil l  be u s e d  to 

It is  possible  that the only feasible  solution m a y  r e s u l t  in r e -  

T h e  cal ibrat ion and al ignment  equipment ( F i g u r e  2.  16-7)  can 
align and cal ibrate  the following SLRV s e n s o r s  via optic m e a s u r e m e n t s :  

1. T V  c a m e r a  

2.  Inc l inometer  

3 .  Solar  a s p e c t  s e n s o r  

4. Antenna. 

The  f ixture  is  c o m p r i s e d  of the s u r f a c e  plate capable of opt ical  
a l ignment  to r e p r e s e n t  the common data  r e f e r e n c e  point of all the c a l i b r a -  
ting of the above equipment.  Attached to  th i s  plate is  a rotating and tilting 
table .  
base  plate on adjustable  machined  s u r f a c e  b locks ;  a c c u r a t e  a l ignment  of 
the vehicle is p e r f o r m e d  optically using sens i t ive  equipment  c o l l i m e t e r s  
and t a r g e t s .  T h i s  equipment is  mounted on s e i s m i c  i so la ted  blocks at 
the t h r e e  true posit ion points and beamed in  a t  the t a r g e t s  mounted on 
the equipment to  a s s u r e  the absolute s t r a i g h t  r e f e r e n c e  l ine .  

T h e  SLRV vehicle with attaching handling f r a m e  is  mounted to a 

The base  plate housing the vehicle  i s  ad jus ted  mechanical ly  
S O  that  the ver t ical  cen ter  l ine of the c a m e r a  is  mounted above the c e n t e r  
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l ine of a rotating table and again aligned opt ical ly ,  using a t a r g e t  o r  
bench m a r k  on the c a m e r a  housing. 
accu ra t e ly  a s c e r t a i n e d  by positioning the l ens  to O o  on both elevation and 
az imuth  planes.  
compar ison  of readout  by the t e s t  s e t  equipment  can  readi ly  a s s u r e  the 
pointing accu rac i e s  of the c a m e r a .  L e n s  focusing a c c u r a c y  is checked 
out by placement  of a TV t e s t  pa t te rn  at a fixed d is tance  f r o m  the c a m e r a  
when the c a m e r a  is  locked in  a t  O o  position: 

T r u e  posit ion and  readout  can  be 

By rotat ing and tilting the table  to any de te rmined  angle ,  

The  inc l inometer  t e s t  p rocedure  is  p e r f o r m e d  s i m i l a r l y  to  the 
c a m e r a  checkout with the bas i c  se t -up  of a l ignment .  
known pitch and ro l l  a t t i tudes  of the tilt table  a r e  made  with the t e l e m e t e r -  
e d  incl inometer  readouts .  

Compar i sons  of 

With the vehicle a l igned to a t r u e  horizontal  O o  posit ion and  

By sighting f r o m  
the ver t ica l  cen te r  l ine of the sun s e n s o r  mounted to the cen te r  l ine of 
the table ,  a pen tap r i sm i s  loca ted  on the sun s e n s o r .  
the co l l imeter  through the pen tap r i sm a sun s imula to r  can be loca ted  
above the sun senso r  and  fixed i n  a pe rmanen t  posit ion.  
and t i l t ing the tab le ,  the readout  f r o m  the t e s t  s e t  can  de te rmine  the 
a c c u r a c y  of az imuth  and zenith planes of the sun s e n s o r s .  

Then  by rotat ing 

The  antenna checkout p rocedure  is  similar to the o the r  a l ign-  
m e n t s ,  again mounting the ve r t i ca l  cen te r  of the antenna about the cen te r  
line of the table ,  fixing t r u e  horizontal  and  az imuth  at O o  posi t ion,  and  
moving the table in  posit ion r e q u i r e d  for  t e s t .  Keeping the bo re  s igh t  of 
the antenna al igned opt ical ly  and commanding the antenna gimballing 
s y s t e m  as  the r e fe rence  table  is  tu rned  and t i l t ed  provides  a m e a s u r e  of 
antenna pointing capabi l i ty .  

SLRV Transpor t a t ion ,  Shipping, and Handling Equipment  

T h i s  group of equipment  provides  the capabi l i ty  f o r  bas i c  
handling, shipping, and  t r anspor t a t ion  of the SLRV and its s u b s y s t e m s .  
In  accordance with the opera t iona l  prof i le  de s c r i b e d  previous ly ,  the 
SLRV w i l l  be shipped as  a complete  s y s t e m  except  fo r  instal la t ion of the 
RTG power supply fuel.  
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Spec ia l  purpose  shipping containers  m a y  be r equ i r ed  which can  
supply power to the RTG e l e c t r i c  hea te r  e l emen t  to keep  it w a r m ,  and  in  
addition, provide air conditioning to  cool the complete  SLRV. 

Shipment of the RTG fuel imposes  a similar p rob lem of heat 
r emova l  as wel l  as  that of shielding the r ad io  act ivi ty .  It is expec ted  
that  shipping devices  and  handling methods for  this wi l l  be completely 
handled by the AEC. 

Special  purpose  handling equipment wi l l  be r equ i r ed  to  avoid 
damage to  c r i t i c a l  t h e r m a l  s u r f a c e s  and to flexible s t r u c t u r a l  m e m b e r s  
during movement  within a test a r e a ,  a s sembly ,  o r  instal la t ion into sh ip-  
ping conta iners  o r  on the Surveyor  Bus.  T h i s  handling equipment  wil l  use  
a t tachment  points designed into the SLRV s t r u c t u r e  which wi l l  provide the 
r equ i r ed  s t r eng th  for  support  under  the e a r t h  envi ronment .  T h e s e  points 
wi l l  a l s o  be used  as the r e fe rence  for  the SLRV/Surveyor  in te r face  so  
that  m a s t e r  tooling can be made  to control  and check the mechanica l  f i ts .  
A b a s i c  SLRV support  f r a m e  wil l  be provided as handling equipment .  
T h i s  suppor t  f r a m e  a t t aches  d i r ec t ly  to the SLRV s t r u c t u r e  to provide 
r igidi ty .  
la t ing SLRV bodies;  however ,  a r igid c r o s s  m e m b e r  provides  suppor t  to  
p reven t  s ag  at the joint .  T h i s  b a s i c  frame r e m a i n s  wi th  the SLRV f r o m  
ini t ia l  a s s e m b l y  to the t ime of instal la t ion on the Surveyor  Spacec ra f t .  
All  o the r  handling, shipping, and t ranspor ta t ion  equipment  a s  wel l  as  
spec ia l  t e s t  f ix tures  wi l l  a t tach  to the bas i c  support  f r a m e  r a t h e r  than 
to the SLRV s t r u c t u r e .  

The  f r a m e  i s  designed to  pivot at the s a m e  c e n t e r s  of a r t i c u -  

Serv ice  Equipment  Group 

The  Se rv ice  Equipment  Group includes equipment  p r i m a r i l y  
r e q u i r e d  for  suppor t  of the RTG power supply subsys t em.  

A standby power supply w i l l  be r equ i r ed  to  provide power to 
the e l e c t r i c  hea te r  a t  all t i m e s  when the unit is not under  t e s t .  
a cooling s y s t e m  wil l  be r equ i r ed  continuously to r emove  heat f r o m  the 
SLRV. 
is v isua l ized  as adequate ,  however ,  it m a y  be n e c e s s a r y  to u s e  pre-cooled  
a i r .  

In  addition, 

At  p r e s e n t ,  a fo rced  a i r  sys tem with a capaci ty  of about 100 c fm 
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Instal la t ion o r  rep lacement  of the hea te r  e l emen t  in the RTG, 
whether  i t  be  the e l e c t r i c  hea te r  o r  the ac tua l  fuel ce l l ,  r e q u i r e s  evacu-  
a t ion of the a i r  and inser t ion  of a n  i n e r t  a t m o s p h e r e .  
and the ine r t  g a s  p re s su r i za t ion  equipment  a r e  consequently provided as 
p a r t  of the s e r v i c e  equipment package.  

A vacuum pump 

2. 16. 2. 2 GSE fo r  Surveyor  Modification 

Seve ra l  i t e m s  of suppor t  equipment  a r e  r equ i r ed  to  suppor t  
modif icat ion and equipments  added to Surveyor ;  these  a r e  d i scussed  in  the 
following pa rag raphs .  

SLRV/Surveyor  Umbil ical  Funct ion T e s t  Set  

T h i s  t e s t  s e t  w i l l  s imula te  b a s i c  functions of the SLRV to 
provide a checkout of the Surveyor  umbil ical  connect ions.  
t e l e m e t r y  s ignal  wil l  be provided to  s t imula te  the Surveyor  p r o c e s s o r .  
Monitoring of the r e s u l t s  wil l  be accompl ished  by the Surveyor  Sys t em t e s t  
equipment  a s s e m b l y .  
wil l  be decoded in  the t e s t  s e t  and displayed for  the c o r r e c t  indicat ion.  
Other  umbil ical  funct ions wil l  s i m i l a r l y  be checked out by the t e s t  set 
p r i o r  to mating of the two s y s t e m s .  

A P C M  

T h e  command functions c r o s s i n g  the umbi l ica l  

Deployment Mechanism T e st F i x t u r e  

The  deployment mechan i sm c o n s i s t s  p r i m a r i l y  of s t r u c t u r a l  
m e m b e r s  which m a t e  with the SLRV a t t achmen t  points .  The  t e s t  f i x t u r e ,  
consequently,  w i l l  be made  up of components  made  f r o m  m a s t e r  tooling. 
The  f ixture  wil l  be capable of checking the Surveyor  a t tachment  i n t e r f a c e  
as  instal led on the spacec ra f t .  In  addi t ion,  the f ix ture  wi l l  include SLRV 
envelope dimensions so  that  c l e a r a n c e s  and  deployment  p rocedure  can  
be ver i f ied.  

T ransponder  T e s t  Se t  

The  t r ansponder  t e s t  s e t  includes a s ignal  gene ra to r  f o r  check-  
out of the receiving components of the t r ansponder  and  f requency  and 
power measu r ing  equipment  for  t r a n s m i t t e r  t e s t s .  
m e n t s  of the phase de lays  in the t r a n s l a t o r  w i l l  be m a d e  in  the t e s t  s e t  
to r e s u l t  i n  range cal ibrat ion information.  

Accura t e  m e a s u r e  - 

H a r d w i r e  connect ions to  the 
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input connections m u s t  be used  to control the ca l ibra t ion  p r o c e d u r e ;  how - 
e v e r ,  fac i l i t i es  wil l  be provided to allow a go/no-go checkout of the 
t r ansponder  sys t em via an  antenna link. 

F ina l  cal ibrat ion of the R F  ranging s y s t e m  would be a c c o m -  
plished during SLRV/Surveyor  integration t e s t s .  
would be placed between the respect ive equipment  d ip lexers  and ze ro  
range m e a s u r e m e n t s  p e r f o r m e d  via  SLRV t e l e m e t r y  s igna ls .  

A ca l ibra ted  at tenuator  

Shipping Con ta ine r s  

Shipping containers  wi l l  be provided for  a l l  Surveyor  modifi-  
cation components .  
qu i r emen t s  other  than protect ion f r o m  norma l  t ranspor ta t ion  handling 
shock and  vibrat ion.  

At p r e s e n t  i t  appea r s  that  t he re  a r e  no special  r e -  

The  final r equ i r emen t  for su rveyor  modification support  
faci l i t ies  h a s  not been  p rec i se ly  de te rmined  a t  this  t ime .  It is possible ,  
for  example ,  that  some  ( o r  a l l )  of the components r e q u i r e d  for Surveyor  
modification wil l  be specified by the SLRV cont rac tor  and fabr ica ted  by 
Hughes Ai rc ra f t  Corporat ion.  In this c a s e ,  disposit ion of the GSE package 
would have to be r e so lved  during the P h a s e  I1 development  p r o g r a m .  

2. 16.2.  3 GSE for  the Ground Operating Equipment  

The  GSE r e q u i r e d  for  supporting the GOE to be instal led a t  
DSIF and  SFOF fac i l i t i es  includes a functional t e s t  group, a n  SLRV s i m u -  
l a t o r  and  t ranspor ta t ion ,  handling, and shipping equipment .  

The  functional t e s t  group is used  during ini t ia l  instal la t ion and 
checkout  of the GOE and a s  n e c e s s a r y  for  main tenance  during operat ional  
u s e .  
self t e s t  capabili ty;  consequently,  the m a j o r  portion of the functional t e s t  
g roup  is  expected to be s tandard  labora tory  instrumentat ion.  
spec ia l  purpose  s imula to r s  and interface junction boxes m a y  be r equ i r ed  
f o r  comple te  fau l t  isolat ion and cal ibrat ion.  
e d  to checkout  functionally the operation of the computat ional  e l emen t s  
wi l l  a l s o  be provided. Complete  analysis  of the main tenance  p rob lems  
wil l  be  comple ted  during P h a s e  11 to r e su l t  in specific recommendat ions  
f o r  GSE functions.  F o r  example ,  a complete  a r r a y  of individual d r a w e r  
t e s t e r s  m a y  be a n  ul t imate  r equ i r emen t .  

I t  i s  p resent ly  contemplated that the GOE wi l l  include a complete  

Some 

Diagnostic p r o g r a m s  design-  
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The  SLRV s imula tor  is v isua l ized  as a device to be used  for  

T h i s  s imula to r  would be a n  ac tua l  vehicle similar to the 
final GOE acceptance  demonst ra t ions  a s  wel l  as for  o p e r a t o r  t ra in ing  
e x e r c i s e s .  
SLRV but s ca l ed  and modified to ope ra t e  in  the e a r t h ' s  g rav i ty  envi ron-  
men t .  
cons idered  during log is t ic  s tudies  in Phase 11. 

The final necess i ty  and  des i r ab i l i t y  of th i s  s imula tor  should be 

Shipping conta iners  for  the GOE components  wil l  be designed 
to m e e t  s t anda rd  ground and handling envi ronmenta l  condi t ions.  
r equ i r emen t s  for  these  i t e m s  a r e  contemplated.  

N o  unique 

2. 16. 3 Recommendat ions fo r  GSE Implementa t ion  

The  preceding d iscuss ion  provides  a p r e l i m i n a r y  b a s i s  f o r  im- 
plementing the GSE s y s t e m .  
approached jointly by the SLRV con t rac to r  and J P L  to provide a logical  
s tep-by-s tep  ana lys i s  of the complete  suppor t  p rob lem.  T h i s  appr'oach 
wil l  r e su l t  in  the m o s t  economical  and r e a l i s t i c  uti l ization of s t anda rd  
shelf i t ems  and inventor ied spec ia l  purpose  i t e m s  in  conjunction with 
i t e m s  requir ing new development .  As  a n  example ,  s e v e r a l  i t e m s  r e q u i r e d  
f o r  Surveyor  support  a r e  similar to those needed in the SLRV P r o g r a m .  
These  i t ems  could possibly be bai led to the SLRV con t rac to r  a s  G F E  o r  
duplication could be ini t ia ted with a min imum of redes ign  e f for t .  

P h a s e  I1 expansion of th i s  plan should be 

As  in all p r o g r a m s ,  the definition and  implementa t ion  of the GSE 
l ags  behind the opera t iona l  equipment .  
men t s  and a joint  e f for t  between the c u s t o m e r  and  the con t r ac to r  w i l l  help 
to prevent  GSE scheduling p rob lems .  

E a r l y  recogni t ion of the r e q u i r e  - 

III/ 1 



c 

BSR 903 

SECTION 3 

PERFORMANCE CHARACTERISTICS AND LIMITA TIONS 

Table 3. 1 - 1 s u m m a r i z e s  each  key S L R V  pe r fo rmance  c h a r a c t e r i s t i c  
and l imitat ion.  
Book 2, for  both the analyt ical  and exper imenta l  i t e m s  except  for  the ETM;  
th is  information is cove red  in  Volume V. 

Substantiation of this in format ion  i s  contained in  Volume 111, 
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TABLE 3 . 1 - 1  

3 - 2  

KEY SLRV PERFORMANCE CHARACTERISTICS 

Funct ion  

G e n e r a l  

S L R V  S y s t e m  Weigh t  

S L R V  C o n f i g u r a t i o n  

S L R V  S towed  c g  

Mobi l i ty  

S p e e d ,  MPH 

S t e p s ,  C l i m b i n g  CM 

S l o p e s ,  C l i m b i n g  D e g r e e s  

B e a r i n g  S t r e n g t h  G r a d i e n t  p s i / f  

C r e v i c e  C r o s s i n g  CM 

T e l e c o m m u n i c a t i o n s  

P o w e r  ( f o r  2 10 '  DSIF)  

B i t  R a t e  

N o r m a l  B i t s / s e c  

E m e r g e n c y  B i t s / s e c  

E r r o r  R a t e  

N o r m a l  

E m e r g e n c y  

An tenna  

O m n i d i r e c t i o n a l  Cove r a g e  
D i r e c t i o n a l  ( G a i n )  

S c i e n t i f i c  

P r o t u b e r a n c e s  a n d  D e p r e s s i o n  
d e t e c t i o n  C M  

S l o p e s  D e g r e e s  

B e a r i n g  S t r e n g t h  

P r i m e  P o w e r  

Day  

Night  

N a v i g a t i o n  

A z i m u t h  E r r o r  

Range  E r r o r  ( I n t e r p o i n t )  

Range  E r r o r  ( I n t r a p o i n t )  

D e p l o y m e n t  

M i s s i o n  L i f e  

M a r k i n g  

R e q u i r e m e n t  

100 l b  

HAC 239503 

HAC 239503 

0. 16 

30 

15 

1 .  0 

30 

2 w a t t s  

1 2 2 , 8 0 0  

960  

Max  A c c e p t a b l e  10 3 

- 3  
M a x  A c c e p t a b l e  10 

H e m i s p h e r i c a l  
17 d b  

f 25 

L- z 
8 p s i  t o  5 0  c 

O p e r a t e  

S u r v i v a l  

4 3  A r c -  M i n u t e s  

1 3% 

0. 7% 

15' s l o p e  w i t h  
10-cm o b s t a c l e  

105 D a y s  

M a r k  S i t e  

' S L R V  c o m m u n i c a t i o n  l i n k  d i r e c t  t o  D S I F  

E x c e p t  f o r  b r i e f  p e r i o d  a r o u n d  l u n a r  m i d d a y  
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